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ABSTRACT 
Trianthema mosaic v i r u s (Tr*lV) i s common i n Trianthema 
por tu l acas t rum L. which i s a wild p l a n t of family Aizoaceae 
(F lco ideae ) found i n waste land a s wel l a s i n and around c u l t i v a t e d 
f i e l d s i n A l i g a r h . A review of l i t e r a t u r e of v i r u s e s i n f e c t i n g 
weeds has been g iven . 
In fec ted p l a n t s of Trianthema e x h i b i t e d v e i n c l e a r i n g , 
mosaic m o t t l i n g , s t u n t i n g , ye l lowing and da rk green b l i s t e r l i k e 
pa t ches on the l e a v e s . I t i n f e c t e d 33 of 165 mechanica l ly 
i nocu l a t ed s p e c i e s i n 8 of 30 f a m i l i e s , Chenopodium amaran t i co lo r . 
£ , album and C, murale were found t o be l o c a l l e s i o n hos t s bu t 
no sys temic invas ion followed i n these s p e c i e s where a s l o c a l 
l e s i o n s were evoked i n Nicot iana g l u t i n o s a and sys temic invas ion 
fol lowed. I t i s t r a n s m i s s i b l e through sap , g r a f t i n g and v i a 
seeds bu t n o t by 5 aphid s p e c i e s v i z . Aphis f abae . A. g o s s y p i i . 
Brevicome b r a s s i c a e . Macrosiphone 11a s p . and Myzus p e r s i c a e . 
I t could n e i t h e r be t r a n s m i t t e d by dodder nor by nematodes. 
TrMV had age ing i n v i t r o of 84 hr a t room temperature 
20+^*^C, d i l u t i o n end p o i n t between 10 and 10~ and thermal 
i n a c t i v a t i o n p o i n t between 60 and 65°G. I t reached h ighes t 
c o n c e n t r a t i o n i n Trianthema po r tu l acas t rum L. and Nicot iana 
tabacum v a r . I f e r r i son ' s Spec i a l 15 days a f t e r mechanical 
i n o c u l a t i o n . 
TrMV was p u r i f i e d by a method which involved e x t r a c t i o n 
of v i r u s i n 0.1M phosphate b u f f e r pH 7.0+0,1 pe r cen t sodium 
sulphi te followed by c l a r i f i c a t i o n by using 2096 V/V chloroform. 
The v i rus was p rec ip i ta ted by using 10?^  PEG (MW 6000) and 
subjecting i t to two cycles of d i f f e r e n t i a l cen t r i fuga t ion . The 
l a s t t races of nonnal p lant cons t i tuents were removed by ra te 
zonal densi ty gradient centr i fugat ion in sucrose, T^ T^V showed 
one l i g h t sca t t e r ing band about 10 mm below the meniscus in 
gradient tube . The v i rus p a r t i c l e s had maximum UV absorption 
a t 262 nm and minimum UV absorption a t 246. 
Purified preparations when examined in e lec t ron microscope 
revealed the presence of numerous rod shaped f ragi le pa r t i c l e s 
with predominent length of 300 nm and width of 15 nm. An 
antiserum agains t TrMV was obtained with a microprecipi t in 
l i t r e of 128, I t did not show any sero logica l r e l a t ionsh ip with 
potato v i rus X, potato v i rus S and pea s t reak v i r u s . 
The i so l a t e causing mosaic in T^_ianthema portulacastrum L, 
resembles Riroviruses in exhib i t ing various s izes of p a r t i c l e s 
and r e l a t i v e uns t ab i l i t y in v i t r o but unlike FUroviruses, the 
present i so l a t e was not t ransmit ted through s o i l during pre l imi -
nary t r i a l s . 
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CEUPTER I 
INTHDDUCTIOM 
A survey by Mac Clement and Richards (1936) i n Canada 
showed that the frequency with which sone of the wild plants 
are Infected with viruses i s high. Virologists have been 
primarily concerned with viruses causing economic losses in 
cultivated plants overlooking may weeds species that grow in 
and aroimd cultivated areas. These weed species may act as 
resevolrs of v iruses . In a l l probability most economically 
important viruses have moved from wild plants to cultivated 
ones when new crops have been Introduced into an area. Viruses 
that are Introduced with cultivated plants often infect wild 
plants which font a permanent reservoir of virus for further 
cultivated crops. Interest in viruses in wild plants may result 
In greater efforts to prevent virus spread from them. Bennet 
(1952) expressed the opinion that " there are s t i l l many viruses 
in weeds waiting to escape into cultivated plants.'* A survey 
of cultivated f ie lds as well as weeds growing around these 
f ie lds was made in 1981. Trlanthema a common weed occurring in 
India, special ly in Uttar Pradesh was found affleeted with a 
virus disease. The disease affecting Trlanthema was investigated 
and the virus causing th is disease was characterized. 
Trlanthema i s found In waste land as well as in and 
around cultivated f ie lds in Allgarh. This plant has been given 
the name Blshlchapra In Hindi, Vish khapra in Marathi, Satudo in 
Gu;}rati, Sharunnay in Tamil, Ghali;}eroo i n Telugu, Sahiini i n 
Bengali and Sveta Punamava o r White BoCerbaavia in Sanskr i t . 
I t resembles Boerhaavia diffusa when young. Both p lan t s when 
in t h i s condition are eaten as vegetables a f t e r being well bo i led . 
In common with T. pentandra and T« decandra i t s root i s known 
to the nat ives of India as having c a t h a r t i c and i r r i t a n t 
p rope r t i e s , and i s sometimes given t o wcmen to procure abor t ion . 
Ainst ie says •* The root which i s b i t t e r and nauseous i s given 
in powder in combination with ginger as c a t h a r t i c , when fresh i t 
i s someirtiat sweet" (Mat Ind, I I , 3 7 ) . He a lso not ices s imi la r 
p roper t ies in T. decandra and Stewart records t h a t T, pentandra 
i s said to be used in the Punjab to procure abor t ion . In nature 
p rac t ice these roots are considered useful in obstruct ions of 
the l i v e r , asthma and amenarrhoea. 
Trianthema i s a diffuse, p ros t r a t e branched, glabrous, 
fleshy p l an t ndiich appears a t the c(»unencement of the rainy 
season. Leaves 1/2 to 1-1/2 in long, obovate, pe t io le 1/6 in , 
d i l a ted and menbranous a t the base, flowers s o l i t a x y . Calyx 
lobes ovate, cuspidate , stamens 10-20; capsule 1/3 in scarious 
below, beak exser ted, coriaceas sub-^nitriform, adnate t o the 
enclosed seeds . The root i s used medicinally and the leaves and 
stem are eaten as a vegetable , 
A mosaic disease of Trianthema portulacastrum was found 
to be prevalent in Aligarii . No v i rus has been reported on 
Trianthema though i t has been found a l t e r n a t e host for several 
viruses* 
The present investigation i s concerned with sywtomatology, 
host range, transaission, properties in plant sap, purif ication, 
electx*on microscopy and serology of the virus causing mosaic 
disease in Trianthema portMlacastnam. 
CHAPTBR II 
HEYIEW OF LITBttlTUIffi 
Trlantheaa has not been reported to suffer froB virus 
diseases except for a single report of Khurana (1970)» Being 
a weed i t has not attracted any attention though i t has been 
reported as an experimental host for a few viruses. This has 
led me to review the l i terature pertaining to reports of viruses 
on weed plants only. 
Sevezrin and Drake (19A7) infected by mechanical inocula-
t ion Atriplex bracteosa. A. resea. A. patula var. haslata, 
Chenopodium album. £ . murale. Salsola kali var. tenuifol ia with 
sugarbeet mosaic virus extract . All the weeds showed systemic 
infection and the virus was recovered from each spec ies . 
Pound (1947) found beet mosaic disease prevalent in the 
Pacific North >fest. On the basis of host range, symptc»s and 
properties, the author considered i t identical with the sugarbeet 
mosaic virus occurring in U.S.A. but d i s t inct from the beet 
mosaic virus in Europe. On sugarbeet leaves the sjrmptoms 
appeared as chlorotic motling or as yellow rings with dark green 
centres, the spot becoming zonate and frequently necrotic with 
age. The leaves of garden beet showed vein clearing followed 
by small chlorotic rings with dark green centres, often young 
leaves presented an irregularly etched appearance along the 
veins . Mechanical inoculation with the sugarbeet mosaic virus 
Infected a l l cbenopodaceous plants tes ted . The primary natural 
hosts were considered to be beet,spinach. Zinnia elegans and 
Amaranthiis retro fie xusi Stel laria media and Capsellabursa 
pastoris were susceptible and Yerbena hvbrida and cultivated 
pansy were symtomless carriers . Transmission experiments showed 
that the Aphis fabae and Myzus persicae are vectors of the v irus . 
The virus was transmitted readily by mechanical means with or 
without carborundum and recovered fr^i semi-mature but not from 
mature seeds. The virus was inactivated when aged in v i tro 
for 72 hr at 20°C, when diluted 1 to 2000 and when heated for 
10 minutes a t 61 °C, 
Venkatarayan (1947) reported a mosaic disease of 
Malvastrum coromandelianum an introduced weed commonly foimd 
along road side and in waste places in several parts of India. 
I t was affected in Bangalore by a vein clearing and mosaic of 
the young foliage accompanied by dwarfing and, in some by a 
tendency to upi^rd curling of the leaves . Diseased plants were 
altogether stuAted. The condition resembled the vein clearing 
mosaic of Hibiscus esculentus. the A type of infectious chlorosis 
of Kitaibelia v i t i f o l i a and tobacco leaf curl v irus . 
Hovey and Bonde (1948) reported Phvsalla angulata as a 
t e s t plant for the potato leaf ro l l v irus . About 10 days after 
inoculation with aphids carrying the potato leaf rool virus, 
Physalis angulata developed sewre stunting with chlorosis and 
mottling of the leaves typical of severe leaf ro l l infect ion. 
This was considered as a more suitable t e s t plant for the virus 
than potato. 
A mosaic disease of Datura alba was described by Capoor 
and Terma (19A8). The authors suggested the name distort ion 
mosaic of Datura alba and Datura* irirus 3 according to Saith's 
c lass i f i ca t ion the virus caused l ight and dark green mosaic 
accompanied by b l i s t e r l ike patches of dark green portion of 
leaf lamina, distortion and reduction in s ize of leaf in 
Datura alba. The plants were seldom d%«irfed. The causal virus 
withstood heating for 10 min at 60®C, retained in fec t iv i ty at a 
di lut ion of 1 in 10,000 and after storage for 13 days at room 
temperature (80°F). The virus a lso infected Nicotiana tabacum. 
Petunia sjp, and Solanum tuberosm and produced local necrotic 
lesions on Phaseolus vulgaris. Vigna sinensis and Solanun 
melongena. The virus was transmitted by Myzus persicae. 
Krilqoatrick (19^) reported some indicator plants for 
studies with the leaf r o l l virus of potato. Transmission 
experiments with potato leaf ro l l virus into seedling of Datura 
stramonitmi. Physalis angulata and P. floridana readily caused 
dist inct symptoms, transmission percentage of each plant from 
insect (Myzus persicae) feedings being 20 to ^ , 52 to 70 and 
12 to 90?f, respectively. In some cases 100J6 transmission was 
obtained with Physalis floridana. 
Krikpatrick ( 1 9 ^ ) also reported some indicator plants 
for studies with the leaf ro l l virus of potatoes. The rate of 
sjrmptOB deTelopment was most rapid in Physalis floridana and 
slowest and leas t rel iable in expression in Datura stramonita. 
£• floridana had the highest percentage of infection when one 
and five aphids (Myzns persicae) were used. P, angulata had the 
highest when ten aphids were used. 
A mosaic disease of Euphorbia pninifol ia transmitted by 
white f ly (Bemlsla tabaci) was described by Costa and Bennett 
(1950). The virus was transmitted to a low percentage of 
inoculated plants by juice inoculation, but was not transmitted 
through seeds of diseased E. prunifolia plants . No transmission 
was obtained by whitef l ies that fed through a membrane on 
l iquid preparation from diseased plants . Ffemale white f l i e s 
were found more e f f i c i en t in transmitting the virus than males. 
Single insects transmitted the disease to about 5056 of the 
plants on which they fed. The virus persisted in the vector 
for a t least 20 days. 
Capoor and Vema (1951) reported a disease of Datura 
inoxia characterised by severe puckering and distort ion of the 
leaves and flowers and designated i t as Datura distort ion mosaic. 
I t was transmitted readily by sap inoculation and by the aphids 
Mjrzm persicae and Aphis gossvpii in nature. I t i s not seed 
borne. Infection appeared to be confined to the tfolanaceae with 
the exception of Tetragonla expanaa on which concentric local 
rings were produced. The virus was inactivated by 6 days exposure 
to a i r at room temperature. 
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Quantz (1952) presented e s s e n t i a l information on the 
symptomatology, t r an smi s s ib i l i t y by aphids and seeds pathogene-
c i t y to other hosts of economic importance and cont ro l of l e t tuce 
mosaic v i r u s . I t i s t ransmissible t o c e r t a i n common weeds such 
as Senecio vu lgar i s . Sonchus asper as well as to peas and sweet 
peas . 
Bradley (1952) studied aphid transmission of a s t r a i n of 
henbane mosaic v i rus which caused a severe wi l t of D. stramonium« 
Transmission occurred during feeding periods of 5-10 sec . The 
p robab i l i ty of a s ingle puncture resulting in in fec t ion reached 
a maximum a t 20-30 sec>^ during which s t y l e t s did not penetrate 
to the centre of the epidennal c e l l and very l i t t l e sa l iva was 
e jec ted , 
Roberts (1952) used Datura stramonium as an ind ica to r 
p lan t for ra i s ing the seeds of potatoes free from potato v i rus X. 
Sz in ia i (1953) noticed the presence of tobacco necrosis 
virus in combination with Thielaviopsis basicola in seedling 
beds in nursery garden on tobacco and species of Capsicum. 
Datura. Pelargonium and Primula. 
Garga (1953) studied a v i rus disease of Thevetia neri t fol ia . 
The v i rus was transmit ted by wedge graf t ing to T. nerJifolia. 
Datura stramonium and Sut ton 's ea r ly market tomato, White Burley 
and Harr ison 's spec ia l tobacco respond with mild mottle and 
cur l ing . 
Murayama e t a l , (1953) tested weeds and other plants 
growing in and around potato f i e lds , serological ly for the 
presence of potato virus X and Y. 56 plants species in 19 
families were investigated. Plants of Solanaceae alone were 
found to harbour potato virus X and Y. About 20 different viruses 
were detected in plants with virus l ike syaptoms, but none 
showed any serological relationship with potato virus X and Y. 
Potato virus X was found in Datura stramoniun and tcmiato, PVY 
in tobacco and petunia and both were present togather in 
Nicotiana rostica and potato. 
He in (1953) suomarised information on the function of 
weeds as reservoir of important plant v iruses . This was based 
on 31 contributions to the l i t erature . 
Kohlar (1953) reported that Gomphrena globosa reacted 
spec i f ica l ly to inoculation with a virus from Sonchus arvensis 
and tobacco tentatively referred to as potato stem mottle and 
with tomato spotted wi l t v irus . Cereal yellow dwarf virus was 
shown to have a wide host range in the grass family by Oswald 
and Houstan (1953). Of 55 grasses inoculated, 36 species of the 
Graminae proved to be susceptible, 20 displaying more or l e s s 
pronounced stunting and yellow or red fo l iar discoloration, 
while 16 carried the virus in a masked form and the remaining 
19 were immune. Widely grown among the symptwaless grasses 
were Cvnodon dactvlon. Dactvlis glomereta.fbstuca arundinacea 
and Poa pratensis . 
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Physallg f lorldana as a loca l l e s ion host p lan t for potato 
v i rus Y was reported by Ross (1953). He found t h a t a su f f i c ien t 
number of lesions for quan t i t a t ive work developed on P . floridana 
provided the p lan t had been kept growing vigorous and given 
ext ra l i g h t during the winter months. 
Keener (1954) iden t i f i ed tobacco mosaic v i rus as the cause 
of a yellow mottle in Datura meteloides and Nicotiana glauca 
growing wild in Arizona. 
Grandall (1954) reported some new add i t iona l hosts of 
Abutilon mosaic v i rus from El Salvador. They were Shizobium spp. , 
Mucuma prur iens , Malvastrum conanandelianian. Hibiscus cannabinus. 
Cotton and Euphorbia h i r t a from El Salvador and Rhvnchesia 
minima. Sida acuta . Euphorbia hetrophvlla and H. cannabinus 
were reported from Cuba. 
Chambers & Flsken (1954) found t h a t %*ien infected 
raspberry leaves were ground with nicot ine sulphate the ex t r ac t 
a f t e r d i a ly s i s contained viruses t h a t produced ring spot symptoms 
on tobacco, cucumber, petunia and other solanaceous h o s t s . The 
l ea f c u r l r ing spot a l so produced symptoms on common weeds 
including chick weed (S t e l l a r i a media). Senecio v u l g a r i s . 
Plantago major and P. l ancee l a t a . Similar though not i den t i c a l 
v i ruses were found in sugarbeet, S t e l l a r i a media. Tussilago 
farfora . Senecio ^acobea and Carduus cursium near raspberry leaf 
cu r l outbreaks. I t i s presumed tha t weed hosts are the sources 
of l ea f cur l i n f e c t i o n s . 
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Wiebb (1955) reported yellow net v i rus disease of some 
solanaceous hos t s . The disease was transmit ted by Myzus persicae 
to Phvsalis f lor idana. P . angulata and Datura stramoniim. The 
minimum period of the v i rus acqu i s i t i on vras one hour and the 
sho r t e s t t e s t feeding time requ is i t e for in fec t ion 2 hours . The 
aphid a f t e r acquiring virus remained infec t ive for 6 days . 
Van der USant (1955) transmit ted potato stem mottle virus 
from diseased t o healthy a s t e r by Cuscuta campestr is . Csubinelusa 
fa i led to t ransmit the v i r u s , 
Schlosser e t a l . (1955) reported ce r t a in weed hosts of 
the beet yellows v i rus and out of 21 weeds tes ted by Inoculat ion 
of the beet yellows v i rus with Myzus persicae 8 proved to be 
hosts of the v i r u s . Inoculated p lan ts of Capsella bursapaatoris 
ceased to grow a f t e r 4 days and became ch lo ro t i c , the upper 
surface of the o lder leaves f ina l ly turning red to red brown and 
the leaves becoming turgescent . Tbalaspi arvense stopped growing 
soon a f t e r infec t ion , the p lants reaching about a qua r t e r of 
the nonnal he ight . The leaves became yellow with green veins 
and brown black necrot ic spo t s . Far ts of o ther p lan t s died 
before flowering. Progressive ve in c lear ing spread from the 
base over the irtiole l ea f of Senecio v u l g a r i s , l i g h t yellow spots 
and red marginal d iscolora t ions appearing l a t e r . On Polygonum 
convolvulus symptoms were l a t e in developing, o lder leaves 
showed c lear ing of the i n t e rve ina l areas and intensive marginal 
reddening, Papaver rhoeas ceased t o grow 10 days a f t e r infec t ion , 
the leaf margins turned yellow, the older leaves red, and on a l l 
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green pa r t s yellow spots appeared. On Chenopodlum f i c i f a l l im 
vein c lear ing began 8 to 10 days a f t e r infec t ion , i n t e rve ina l 
areas turned yellow and the small veins became brown, necrot ic 
and depressed on the lower surface of the leaf . On o lder leaves 
green s t r i p s pers i s ted along the veins and there was marginal 
red d i sco lo ra t ion . £ . capitatum showed a marked inh ib i t i on of 
of growth, often leading t o the ea r ly death of the p l a n t . The 
youngest leaves of the r o s s e t t e , curled downwards and marked vein 
c lear ing was observed. On Atriplex n i tens vein c lear ing and 
yellowing of older leaves spread from the margin. Later the 
symptoms disappeared leaving only l i g h t yellow s p o t s . Their 
importance as reservoi rs was not considered very s ign i f i can t as 
most of these p lan ts are annuals . 
Krlstensen (1955) t e s t ed 69 species of p lants for t h e i r 
react ion to beet yellows v i r u s , using the vec tor , Myzus pe r s i cae . 
Infect ion occurred on 27 species including Gtoaphrena globosa. 
spinach, Tetragonia expansa and a number of weeds (mostly 
annua l s ) . S t e l l a r i a media, one of the symptomless hosts>diich i s 
very widespread and pa r t l y b iennia l was considered po t en t i a l l y 
s ign i f i can t but appeared t o be r e l a t i v e l y una t t rac t ive to 
Myzus persicae developing only 17 peijcent i n fec t ion . Blitium 
vlrgatum proved to be an exce l len t ind ica to r p lan t for beet 
yellow vi rus showing vein c lear ing , pronounced weakening and 
necrosis of the hear t leaves a f t e r 10 to 11 days, Trianthema 
portulacastrum was a l so useful for t h i s purpose, a d i s t i n c t i v e 
symptom being s i lve r ing of the fo l i age . The minimum incubation 
period was 11 to 12 days. 
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Jha and Mishra (1955) reported t h a t the incidence of 
yellow mosaic r i m s on Hibiscus esculentus in Bihar va r i e s from 
50 to 90 pez;cent and does not decrease following a two month 
break in cu l t i va t i on during the hot season. In experiments in 
which infected weeds were grafted on healthy H. escu len tus* i t 
was shown tha t the v i rus i s carr ied in Malvastrum tr icuspidatum. 
Uschdraweit and Valentin (1956) examined the expressed 
sap of niMerous garden p lan ts and weeds in the v i c i n i t y of large 
German c i t i e s for the presence of v i ruses of h o r t i c u l t u r a l 
importance. Cucumber mosaic v i rus was detected in 61 new hosts 
which accoxinted for about two t h i r d of the t o t a l number of v i rus 
infect ions encountered in shrubs and large perennial herbs . 
Except for|sllght reduction in growth many hosts gave no indica-
t ion of in fec t ion , 
Bercks and Zimmer (1956) reported the t ransmission of 
an i s o l a t e of beet yellows by Myzus pers icae to fodder and red 
beets , marigold, 7 species of Chenopodiian. Atr iplex hor tens . 
Amaranthus g a n ^ t i c u s . A. re t rof lexus and Ck>mphrena globosa. 
The symptoms induced on primary and successive beet leaves 
varied considerably and comprised of vein c lear ing , brown to 
s c a r l e t , l a t e r necrot ic do ts , e spec ia l ly near the apex and 
p e r s i s t e n t puncti-form c lear ing i n the invenreinal a r e a s . 
Graves and Hagedora (1956) reported the occurrence of red 
clover vein mosaic v i rus in Wisconsin. The symptoms of na tu ra l 
infec t ion by red clover vein mosaic v i rus on red a l s i k e . and 
ladino c lovers , g e l i l o t u s o f f i c i n a l i s and Medicago lupulina 
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consisted exclusively of chlorosis of the main and secondaiy 
v e i n s . Red clover ve in nosaic v i rus was endemic among legu-
minous weeds along road side and on waste ground, indica t ing 
the importance of such p lan t s in i t s perpe tua t ion . 
Mi l le r (1957) reported bean yellow mosaic v i rus on sweet 
clover (Melilotus a lba) used for green manure and a lso a common 
road side weed in most agr ic t i l tu ra l a r e a s . The v i rus was a l so 
prevalent on i t even in areas remote from cu l t iva ted f i e lds of 
the crop. A v i rus d i f fer ing from any previously described on 
Anemone was i so la ted from Anemone coronaria by Hollings (1957) 
and the name anemone mosaic vi rus was proposed for i t . The 
infected p lan ts were ch loro t ic and reduced in vigour with 
s l i g h t l y mottle leaves , the flowers were d i s to r t ed and " BrokeHS 
white splashes and flecks being present on red or blue flowers. 
Necrotic p i t t i n g , s t reaks and die-back developed along the 
p e t i o l e s in the winter and k i l l ed most of the p l a n t s . A t h i r d 
type of syndrome was cur l ing and rugosity of the leaves with 
poor growth, best described as c r i n k l e . Several of these p lants 
contained cuciimber mosaic v i r u s . The v i rus infected 47 of 49 
p lant species inocula ted . I t was t ransmit ted mechanically and 
by 4 of the 6 species of aphids t e s t e d , though Myzus persicae 
was the only e f f i c i e n t vec to r . The v i rus was a l so i so la ted from 
cul t iva ted Ranunculus and Matthiola spp. Ifeiturally infected weeds 
(Seneclo vulgar is and Capsella bursapas tor la) were found in 
Anemone plant ings and the v i rus was a l so detected with cucumber 
mosaic and tobacco necrosis v i ruses in Anemone corns imported 
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from the Netherlands. The l a t t e r v i rus was i so la ted from 
apparently healthy p l a n t s . 
A new v i m s disease of Panicum virgat tm and re la ted 
grasses was reported by S i l l (1957)» A v i rus disease of 
Panicum virgatma, f i r s t observed in 1953 caused yellow green 
mosaic and mot t le , diffuse or de f in i t e , sometimes accanpanied 
by chlorosis and s t u n t i n g . The v i rus was t ransmit ted mechanically 
t o P . virgatum. four o ther Panicum spp*, Dig i ta r ia saneu ina l i s . 
Se tar ia i t a l i c a and Echinochloa e r u s g a l l i (a symptomless c a r r i e r ) 
but not to c e r e a l s , 
Costa and Duffus (1957) described the occurrence of a 
widespread v i rus disease causing leaf mosaic on Malva weeds and 
named i t Malva vein mosaic v i r u s . The v i rus was t ransmit ted 
by Mvzus pers icae . and when inoculated mechanically to Malva 
pa rv i f lo ra . M. ro tundi fo l ia . M. s v l v e s t r i s and Lavatera 
assurgent i f lora induced s imi la r symptoms in a l l , 
Slykhuis (1957) survejrdd grass v i ruses in N.W. Europe. 
I t showed tha t cocksfoot mosaic v i rus and rye grass mosaic v i rus 
were present in Prance, Holland, Germany, Denmark, Sweden and 
Finland, but not in Norway. Symptoms of cerea l (Barley) yellow 
dwarf v i rus were seen on winter ce rea l s , on perennial grasses 
or both in a l l these countr ies except Denmark. Barley false 
s t r i pe v i rus was Iden t i f i ed in barley v a r i e t i e s in a world 
co l lec t ion a t Catersleben, Gemany. The English type of 
cex^al (wheat) s t r i a t e mosaic was found in Germany and Denmark. 
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Hein(l957A) described vein c lear ing disease of Malva 
s y l v e s t r i s and M. neg lec ta . The causal agent v*as iden t i f i ed as 
Ruizhkov's Malva v i rus I . Two s t r a i n s were i so l a t ed , a green 
and a yellow. The v i rus was shown to be t ransmissible mechanically 
and by Myzus persicae in a non-pers is tant manner. The thermal 
point M 
inact ivat ion/was above 64 C, the d i lu t ion end point ranged from 
1:100 to 1:500 and ageing i n v i t r o beyond 120 h r . Inoculat ion 
experiments gave pos i t ive r e s u l t s on severa l Malva spp . , Abutilon 
t heophra s t i i . Lavatera arborea. Althea o f f i c i n a l i s . Anoda c r i s t a t a 
and Hibiscus trionum. but Gossvpium and Ifollvhock did not r e a c t . 
The bionomial designation proposed for the v i rus was Marmor 
malvaen s p . , the green and yellow s t r a i n s being d i f fe ren t ia ted as 
vars vulgare and chlorogenus, r espec t ive ly . 
Hein (1957B) in fur ther contr ibut ion t o the knowledge of 
the v i rus diseases of weeds reported Sonchus oleraceus . 
S. anrensis and Solanum nigrum as h i t h e r t o unknown na tura l hosts 
of lucerne mosaic v i rus in Germany. On the two Sonchus species 
the S3nnptoms consisted of yellow banding and ring pa t t e rn s , 
while Solanum nigrum reacted by a more or l e s s extensive yellow 
s p o t t i n g . As a perennia l , Sonchus arvensis may play an important 
role in the perpetuat ion of the v i r u s . Sap transmission exper i -
ments with i s o l a t e s of lucerne mosaic v i rus fran the two Sonchus 
spp. and Solanum nigrum gave pos i t ive r e s u l t s on beet , 
Chenopodium quinoa (on which the symptoms were p a r t i c u l a r l y well 
d i f f e ren t i a t ed ) and a number of o ther p lan t s including Campanula 
p e r s i c i f o l i a va r . t r ache l io ides ( s . nigrum s t r a i n only) and 
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Zinnia (S. nigrum s t r a i n excepted) . Al l three i s o l a t e s were 
inac t iva ted by 10 min exposure to a temperature between 60 and 
64*^ 0 and 7 days ageing a t rocm temperature. The d i l u t i o n end 
point lay between 1:100,000 and 1:500,000. The author a l so 
described a b r i l l i a n t yellow mosaic of laminua purpureum which 
was t ransmissible by graf t ing only to p lan ts of the same hos t . 
Hein (1957C) detected cucumber mosaic in weeds Galinsoga 
quadr i rad ia ta , G. parv i f lo ra , Mercurialis annua, Sonchus 
oleracetas (a h i the r to unc re corded h o s t ) . Datura stramonium and 
Solanum nigrua. G, parvi f lora and D. stramonium were observed 
by Heinze to serve as intermediaries of the lupin browning v i r u s . 
Milicie et . al_. (1958) noted a mosaic disease of A l l i a r i a 
o f f i c i n a l i s which appeared regularly i n the Zagrel region was 
spreading to other regions e . g . , Croatia and Aus t r ia . The v i rus 
na tu ra l ly infected Hesperis matrenai ls and H. c l i na r i ca and was 
sap transmit ted to these and to A. o f f i c i n a l i s . M. g lu t inosa . 
Sinapis a lba . S. arvensis and Capsella bu r sapas to r i s . 
Kovacevsl^ and Kovachevski (1959) invest igated a v i rus 
occurring on Datura stramonium in Bulgaria . The v i rus causing 
leaf defornation, vein c lear ing , dappling and dwarfing of 
D, stramonium p lan t s was found to be t ransmissible by Myzus 
persicae and Doralis frangulae. I t s thermal inac t iva t ion point 
was 59®C, d i lu t ion end poin t 1:50,000 and ageing in v i t r o over 
20 days. I t i s considered to be a new s t r a i n of tobacco 
etch v i r u s . 
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Badaml and Kassanls (1939) i so la ted 3 v i ruses from a 
diseased p lan t ©f Solanum .iasminoides. All three were mechani-
ca l ly t ransmiss ib le , had long flexuous p a r t i c l e s and s imi l a r 
general p r o p e r t i e s . 
Datura stramoniini as a possible quan t i t a t ive bioassy host 
for the brcme grass mosaic v i rus \»as reported by Chiu and S i l l 
(1959). D. stramonium plan ts inoculated with brome mosaic vimis 
by carborundum rubbing developed loca l ch loro t ic r ings with a 
l i g h t green cen t ra . Systemic infec t ion appeared in p lan ts from 
which the ap ica l shoots had been removed. The les ions were 
more ea s i l y counted than those on Chenopodium album, the only 
o ther to develop sympt(MBS of 33 spp. and v a r s . of p lan t s t e s t e d . 
The number of les ions were d i rec t ly re la ted to vijTus concentration 
in sap d i lu ted beyond 10 and out of 15 co l lec t ions of the 
v i rus tes ted somewhat l a rge r les ions formed possibly ind ica t ing 
a d i f fe ren t s t r a i n . 
Schwarz (1959A) described S t e l l a r i a media as a host for 
two fur ther v i r u s e s . The author reported tha t a v i rus from 
^ . media, sap transmit ted to Chenopodium guinea could not be 
iden t i f i ed with any v i rus previously described and i s therefore , 
designated S t e l l a r i a b l a t t i n g ke i t v i rus (S t e l l a r i a ribbon leaf 
v i r u s ) . Tobacco vein browning v i rus reported to be l imited to 
Solanaceae was ti^ansmitted from tobacco to ^ . media by sap and 
Myzus pe r s i cae . Only a small proport ion of inoculated p lants was 
infected and the v i rus was so changed by passage through the 
host t h a t symptoms resembling ring spot appeared i n i t i a l l y on 
re-inoculation to tobacco. 
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Schvoarz (1959B) fur ther made epidemiological s tudies on 
some v i ruses of weeds and ruderal p lan t s in Ber l in . In 1956-57 
p lan t s on waste land, cu l t iva ted f i e lds and the botanica l gardens 
yielded the v i rus of cucumber mosaic v i rus (CMV), cabbage black 
r ing spot (CBRS)y tobacco r ing spot and a new v i rus named 
S t e l l a r i a band b l a t t i n g Kel t . Out of 59 weeds and waste land 
p lan t s 30 spp. proved po ten t i a l hosts of CMV, 33 of cabbage 
black ring spot s t r , and 18 of tobacco 'mauche' v i r u s . The best 
apid transmission of CMV was obtained from Lactuca serv io la 
(by Myzus persicae and Hyperomyzus l ac tucae ) , Capse11a bursa-
pas to r i s (by Brevicoryne brassicae and M. pers icae) and Solanum 
nigmm (by M, p e r s i c a e ) . Aphid transmission of BRS s t r . was not 
possible except from Cruciferae (Al l i a r la o f f i c i n a l i s . C. 
bursapas tor i s , Sinapis anrensis and Sisymbrium loese la ) • Best 
transmission was obtained with B. b rass icae . Lipaphis erysimi 
and L. f r i zmul l e r i . A new method of determining the proport ion 
of v i rus vectors among the a la tae was t o expose groups of plants 
in d i f fe ren t places for 2 weeks each and t e s t for in fec t ion . 
4 per cent increased a t t r a c t i o n was achieved by placing yellow 
painted p l a t e s of f ibre board under the t r ap p l an t s , the a la tae 
being trapped by s t icky glue on the p l a n t s . Groups of p lan ts 
with such p la tes consis t ing of three tobacco, one Mathiola incana 
and two Chenopodium quinoa. exposed during the aphid f l i gh t for 
2 weeks in 3 d i f fe ren t places in 1956 and 1957 yielded potato 
v i rus Y and i t s tobacco ve ina l necrosis s t r a i n , CMV, BRS ( local 
l e s ion s t r a i n ) and lucerne mosaic v i rus ( a l l from Samsun tobacco). 
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BRS and CMV from M. Incana and Lucerne mosaic v i rus from 
C, quinoa* 
Poa pra tens is as a new host of the brome grass mosaic 
v i rus in nature was reported by S i l l and Chiu (1959)* On the 
bas is of comparative inoculat ions of severa l hosts they e s t a b -
l i shed t h a t brome mosaic v i rus was responsible for ch loro t ic 
mott l ing and s t i pp l ing of P. p ra tens i s growing among clumps of 
v i rus infected Bromus inermis . Costa and Carvalho (1960A) 
t ransmit ted Abutilon mosaic v i rus frcMoa weeds (Sida spp . ) by 
carborundum rubbing, when Halve panr i f lo ra , seedlings were used 
as t e s t p l a n t s . Two other Malva seed sources, probably 
M. rotundifol ia were a l so suscept ible to mechanical inoculat ion 
but l e s s so than the former spec ies . No mechanical transmission 
from leaves of Abutilon str iatum v a r . Thompsonic was secured but 
a f t e r transference to Sida micrantha by graf t ing , r e s u l t s were 
pos i t ive frcm the h o s t . S_. rhombifolia. S. micrantha. Ciossvpium 
hirsutum and several o ther species e a s i l y infected by the 
vec tor (Benisia t abac i ) were highly r e s i s t a n t to mechanical 
t ransmission. S. micrantha. S. rfacmbifolia and Malva parvi f lora 
were good sources of inoculum. 
Costa and Carvalho (1960B) made comparative s tud ies 
between Abutilon and Euphorbia mosaic v i r u s e s . They found tha t 
white f l i e s (gemesia t abac i ) bred on Euphorbia pruni fo l ia or 
Sida spp. were able to pick up and t ransmit both viiruses; 
Et5)horbia mosaic v i rus (EMV) being more e f f i c i e n t l y t ransmit ted 
than Abutilon mosaic v i rus (AMY). Individual insec t s were able 
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to carry the two simultaneously. Comparative host range t e s t s 
showed tha t tobacco p lan t s were more r e s i s t a n t to EMY than to 
AMY, When infected they developed symptoms l ike those of 
tobacco leaf cu r l but without l ea f ena t ions . Upland cotton 
(Gtossypium hirsutum) developed yellow mosaic when infected with 
AMV. 
He in (1960) reported the occurrence in the lower Rhine 
and ce r t a in other areas of a v i rus infec t ion of asparagus which 
was not t ransmit ted through seeds . The v i rus was t ransmit ted 
by abrasion to Chenopodlum quinoa and £ , a l b t n . I t produced in 
5-12 days, reddish brown les ions 1-2 mm in diameter with a small 
parchment coloured centre and more or l e s s diffuse yellow ha lo . 
On Chenopodlum urbicum the les ions were likewise l o c a l , and of 
the same size but were parchment coloured with or without a 
narrow brown perimeter and there was no ha lo . On Gomphrena 
globosa they were l o c a l , reddish v i o l e t and of varying s i z e . 
Dirven and Van Hoof (i960) reported a des t ruc t ive v i rus 
disease of pangola grass (Digi tar ia decuabens) which was 
introduced in Surinam from Florida and planted extensively for 
pa s tu re . The f i r s t sympt(MB of the disease i s a slower recovery 
a f t e r moving or grazing with r e su l t an t establishment of other 
grasses and weeds. The diseased p lan t s do not form runners and 
are ea s i l y to rn off a t s o i l l e v e l . Disease spread i s slow, but 
even moderate in fec t ion depresses ye i lds by 50% o r more. 
Stunting occurs and the length of the intemode f a l l s to 1 cm 
irtiile abnormal branching leads t o t u f t n e s s . The youngest leaf 
22 
emerges curved, turns dark yellow, while p lan t s often appear 
greenish 3rellow with pale red t i p s . I t i s t ransmit ted by the 
delphacid Sogata fu rc i f e ra . 
SlykhJ^uis (1961 ) reported grass v i ruses around the world. 
Barley yellow dwarf v i rus was observed in Japan, India and 
West Pakistan, Jordan, Egypt and I t a l y , Symptoms of leaf-hopper 
t ransmit ted viruses were noticed in wheat i n Egypt, Aus t ra l ia , 
India, West Pakistan, Iran and Jordan and on pasture grasses 
in Aust ra l ia and New Zealand, Barley s t r i p e mosaic v i rus was 
found in int roduct ion nursery in Austra l ia and on wheat in 
West Pakis tan , In Jordon wheat was infected by wheat s t reak 
mosaic v i r u s . Agropyron mosaic v i rus was found on 3 grass 
species in New Zealand, A, re pens. Alopecuinis p ra tens i s and 
Arrfaenathe rum avenaceum, 
Mclean (1962) reported common weed hosts of tobacco ring 
spot v i rus in the lower Rio Grande Valley of Texas. Nineteen 
hosts with loca l and systemic symptoms, 13 of them new were 
tabulated with t h e i r r e l a t ive abundance. An enat ion mosaic v i rus 
disease of Datura metel was described by Verma and Verma (1963). 
The diseased p lan ts of Datura showed puckering, d i s t o r t i o n and 
enat ion of the leaves , f l o r a l abnormali t ies and p a r t i a l or t o t a l 
suppression of spines on the f r u i t s . I t was found to be sap 
t ransmissible and a l so by Myzus persicae and Aphis gossyp i i . 
The v i rus infected Datura metel , Nicotiana g lu t inosa . White 
Burley tobacco, N, plumbaginlfolia. Petunia and Solanum nigrum. 
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The v i rus was inact ivated a t a d i l u t i o n of 1:10,000, Themal 
inac t iva t ion point was found between 60-70°C and longevity in 
v i t r o of 5 days a t room temperature. 
Chiu and S i l l (1963) ascer ta ined c e r t a i n factors affect ing 
assay of brome grass mosaic v i rus on Datura stramonium and 
Chenopodium hvbridum. They concluded t h a t no advantage occurred 
from using 6 instead of 4 hal f l eaves /p lan t for the quan t i t a t ive 
loca l les ion assay of brome mosaic v i ru s on D, stramonium^ 
Dilut ion curves of the v i rus in crude sap from wheat, barley or 
Poa pra tens i s indicated a l i n e a r r e l a t ionsh ip between log les ion 
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number and log d i l u t i o n over the range 1 0 - 1 0 . Differences 
of 253^  in v i rus content were cons i s ten t ly detectable but not 2096. 
Streak mosaic symptoms were obseived by Vlasov e t a l , ( l 9 6 5 ) 
on wheat grass (Agropvron) in Vorenezh. The authors assumed 
t h a t bi\)me mosaic v i rus may be involved. At 25-30°C the incubation 
period of the v i rus in wheat, bar ley , oats and rye was 6 to 8 
days and in maize and m i l l e t somewhat longer . A mosaic disease 
was described on Amaranthus v i r i d i s and A, blitum by Phatak 
(1965). The disease was sap t ransmissible and caused d i s t i n c t 
mosaic mottle in young and old leaves , severe yellowing of ve ins , 
large i r r e g u l a r ch loro t ic patches a l t e r n a t i n g with dark green 
areas over the en t i r e lamina. The v i rus was transmitted by sap 
inoculat ion to A. cruentus. A. blitxjn. A. gangeticus. A. leuco-
carpus and A. mangos t anus . 
Lackey (1965) described host range and physical proper^ 
t i e s of a v i rus named pokeweed cr inkle leaf v i r u s . The v i rus 
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i so la t ed from Adenosteaa fasciculatum by means of dodder, induced 
severe c r ink l ing , puckering and d i s t o r t i o n of pofceweed 
(Phytolacca americana). 
Chessin (1965) described some wild p l an t hosts of Cactus 
vi inis . Light microscopy of sect ions frcai 3 wild Opuntia spp. 
i n Arizona showed t h a t 3S% with ch loro t ic markings and ^9% 
without, possessed v i rus associated c e l l - i n c l u s i o n s . When 9 
samples, both with and without ex te rna l symptoms or i n t r a c e l l u l a r 
inclusions were studied in the e lec t ron microscope they a l l 
contained opuntia v i rus p a r t i c l e s , 320 nm long. Detection of 
v i rus was considered more r e l i ab l e with the e l ec t ron microscope 
than by the presence of c e l l inc lus ions , 
A v i rus disease of Datura s p . was described by Klesser 
(1966), The p lants affected showed severe l ea f d i s t o r t i o n , and 
suppression of sp ines . The v i rus caused systemic infec t ion in 
Nlcotiana /glutinosa. N, longsdorf f i i and tobacco. The name 
Datura malformation was suggested for the v i rus which according 
to the author belonged to tobacco etch v i rus group, on the basis 
of host range and physical p r o p e r t i e s , 
Bant tar i (1966) invest igated grass hosts of Aster yellows 
v i r u s . Out of 44 grasses and 4 cereals inoculated in the glass 
house only Bromus a rvens i s , Lalium multiflorum. Phvlaris canarien-
s i s , barley and durum wheat va r Lakota developed symptoms. The 
v i rus was transmitted from these hosts to a s t e r but not from 4 
other spp, showing symptoms. Two spp, were symptomless c a r r i e r s . 
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Milicic eib a a . (1966) i so la ted brome mosaic v i rus from 
Agropyron repens in YueoslaYia. I t vfas iden t i f i ed by serology 
and e lec t ron microscopy. The v i rus was t ransmit ted by sap 
inoculat ion t o Datura stramonium. Bromus racemosus. oats and 
maize. Physical, morphological and ant igenic p roper t i es of the 
v i rus were a lso s tud ied , 
Behncken (1967) reported t h a t Chenopodium album. Sonchus 
oleraceus , Lamium amplexicaule. Stachys a rvens i s . Medicago 
polyaorpha and Solanum nigrum were new hosts of Lucerne mosaic 
v i rus in Queensland, 
Carr (1968) noted the problem of grasses as v i rus reservoir! 
of cerea l c rops . Eleven v i ruses including I^jlium mottle v i rus 
(LMV) were found to a f fec t grasses in Br i t a in , LMV appeared to 
be r e s t r i c t e d t o rye grass , was not mite t ransmit ted and had a 
spher ica l p a r t i c l e , 
A disease of Agropyron repens was reported by Shepard 
(1968) from Montana. On the bas is of symtcanatology, d i f f e r e n t i a l 
host range, serology and e lec t ron microscopy, i t was considered 
to be due to Agropyron mosaic v i rus (AMV), Electron micrographs 
of infected t i s sue revealed pin wheel and tubular inc lus ions . 
Verma (1968) described a necrot ic type of v i rus occurring 
on a weed in Gemany, The v i rus occurring in Leontoden hispidus 
was t en t a t i ve ly iden t i f i ed as a s t r a i n of tobacco etch v i r u s . 
Shephe^ e t a l , (1969) described proper t ies of a v i rus causing 
pikeweed mosaic, PAkeweed (Phytolacca americana) in Arkansas 
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was widely affected by a aosaic caused by a mechanically transmi-
s s ib le v i rus with rod-shaped 776 nm long p a r t i c l e s . The v i rus 
was aphid t ransmit ted , non-pers is ten t , having a l imited host 
range. 
A baci l l i form v i rus was i so la ted by Duffias and ftussel 
(1969) from Sonchus oleraiceus p lants showing vein c lear ing and 
vein banding symptoms, growing on wasteland near C2ambridge. I t 
was iden t i f i ed as sowthis t le yellow vein v i r u s . 
Efeldman and Olga (1970) described two na tu ra l hosts of 
a l f a l f a mosaic v i r u s . The v i rus was newly recorded in the 
f i e ld of Ocimum basilicum crops and on the weeds Pi t raca 
Cuneato ovata in Argentina, inducing sj^ptoms of the ca l ico type 
Datura metal was recommended as a v i rus ind ica to r p lan t by Kahn 
and Monroe (1970) as 28 d i s t i n c t symptoms were cons is ten t ly 
induced by 19 i s o l a t e s of 12 mechanically t ransmit ted v i r u s e s . 
Luisoni and Conti (1970) described Dig i ta r ia sanguinal is 
as a new na tura l host of maize rough dwarf v i rus (MRDV). The 
v i rus was p a r t i a l l y pur i f ied from dwarfed f ie ld p lants with 
bushy appearance, malformation and s l i g h t swelling on the leaf 
v e i n s . I t reacted with MRDV antiserum in cross reac t ion and 
cross absorption agar gel diffusion t e s t s . 
A new s t r a i n of Henbane mosaic v i rus from Physalis 
alkekengi was reported by Lovisolo and Bartels (1970). The 
v i rus was mechanically t ransmissible and caused mosaic symptCMas. 
I t was i so la ted from Datura stramonium and Datura inenais and 
27 
was designated as the alkekengl s t r a i n of hebane mosaic virus 
(HMV-A), I t had a wide host range aanong Solanaceae, thermal 
Inac t lva t lon point , of 58-60 C, d i l u t i o n end point of 10 -'^ , 
longlvl ty In v i t r o of 4 months and was t ransmit ted by Myzus 
perslcae (§^x4§Jb borne) • Morphologically I t was Iden t i ca l with 
the type s t r a i n HMY-R (Rothamsted) with a normal length of C, 
850 nm. Serological t e s t s showed a remote re la t ionsh ip with 
Colombian Datura v i rus and a close one with HMY-R. 
Kim (1970) described subce l lu la r responses to loca l i sed 
infec t ion of Chenopodlum guinea by pokeweed mosaic v i r u s . He 
compared the cyto loglca l p ic ture of the loca l les ions of infected 
C, guinea as v i sua l ized by e l ec t ion microscopy with t h a t in 
pokeweed (Phytolacca amerlcana) where. infection by the v i rus i s 
systemic• 
Some v i ruses i so la ted from arborescent Datura spp. from 
Bolivia, Ecuador and Columbia were studied by Kahn and Monroe 
(1970), They concluded tha t among the v i ruses Isola ted from 
37 of 61 arborescent Datura spp. were Colcaibian Datura v i rus and 
a groiq) of vi ruses related to tobacco mosaic v i rus suggesting 
t h a t wild or escape Datura spp. may ac t as reservoi rs for v i ruses 
infect ive to solanaceous spec ie s . 
Khurana (1970) reported a new s t r a i n of cucumber mosaic 
v i rus Inducing egg p lan t mosaic. I t was recorded on common 
weeds Trlanthema moyvna and Boerhaavia d i f fusa . The v i rus was 
transmitted to egg p lan t from weeds by Aphis gossvpii and 
Myzus pe r s l cae . 
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A new mosaic disease of Amaranth us /gangeticus vras 
described by Ramakrishnan et, al^. (1971). The v i rus caused plant 
s tun t ing , leaf c r ink l ing and mosaic mott l ing and was t ransmit ted 
by sap and by Aphis gossypii« Plants infected were Nicotiana 
g lu t inosa . Petunia hybrida. Qomphrena globosa, Celosia c r i s t a t a 
and Achy rant be 3 aspera . Thermal inac t iva t ion point of the v i rus 
was between 60-65®C, d i lu t ion end point between 10"^ and 10~^ 
and longivi ty i n v i t r o 72 hours. 
Khurana and Singh (1971) described a s t r a i n of tobacco 
mosaic v i rus which inc i ted mosaic disease in Boerhaavia di f fusa . 
A mild mosaic was observed on Boerhaavia d i f fusa . The v i rus was 
recovered frcMi leaf ex t r ac t s only a t a d i lu t ion of 1:500 or above. 
I t caused systemic infec t ion of many hosts and loca l les ions on 
Chenopodium amaranticolor. Nicotiana glut inosa and N. r u s t i c a . 
Inac t iva t ion occurred a t 85-90°C and the d i l u t i o n end point was 
—k —5 
between 10 - 10 , This v i rus was designated as Boerhaavia 
mosaic s t r a i n of tobacco mosaic v i rus on the bas is of i t s host 
range, physical piHjperties and non-transmission by aphids . 
Verma and Singh (1972) reported a wide spread mosaic 
disease of Achvranthes aspera which was t ransmit ted by Aphis 
gossypii and in inoculat ion t e s t s i t infected only Achvranthes 
p l a n t s . Mosaic of Boerhaavia diffusa L. was reported from India 
by Singh and Venna (1972). The v i rus was eas i ly t ransmit ted by 
graf t ing but not by sap or i n s e c t s . Inoculat ion t e s t s on 16 plant 
spp. showed tha t the v i rus i s spec i f ic to i t s hos t . 
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Singh et, al , . (1972) described pigweed mosaic vimis which 
caused a severe disease of Amaranthus v i r i d i s around Delhi . 
The sjnnptoms s t a r t ed as mild ch loro t ic in t en re ina l patches 
gradually increasing along the veins and f ina l ly developing in 
dark green mosaic and ch loro t ic a r e a s . Only species in the 
genus Amaranthus were infec ted . The v i rus was t ransmit ted non-
p e r s i s t e n t l y by Aphis craccivora. A, gossypii and Myzus pe r s i cae . 
I t was inact ivated by 10 minutes exposure a t 60°C, withstood 
d i l u t i o n of 1:100 and remained ac t ive for 9 days a t room tempe-
rature (15-32°C). The v i rus p a r t i c l e s were flexuous 700 to 725 nm 
long and 14 nm wide. 
Ffeldman and Gracia (1972A) reported some new na tu ra l hosts 
for tu rn ip mosaic v i r u s . The v i rus caused mosaic symptoms, 
leaf d i s t o r t i on and s tunt ing of Eruca s a t i va . Rapistrum rugosum 
and Sisymbrium i r i o . Iden t i f i ca t ion of the v i rus was based on 
host range, se ro logica l reactions, in v i t r o sap p rope r t i e s , aphid 
transmission and microscopy of the cytoplasmic inc lus ion bodies . 
Fteldman and Gracia (1972B) fur ther reported some na tu ra l ly 
infected weeds with tobacco mosaic, cucumber mosaic and potato 
Y v i r u s e s . The authors reported tha t na tu ra l infec t ion by potato 
v i rus Y alone and cucumber v i rus was found for the f i r s t time 
on Datura ferox. P7Y on Phvsalis mendocina. IMV on Pi t raea 
cuneate-ovata and CMV, TMV and tu rn ip mosaic v i rus on Sisymbrium 
i r i o . Iden t i f i ca t ion was based e s s e n t i a l l y on host reactions 
and sero logica l t e s t s . 
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Mariappan and Narayanaswamy (1972) reported Acanthospermum 
hispldum as a new host of tomato leaf cu r l v i r u s . Natural 
infec t ion was recorded on t h i s hos t . The v i rus was t ransmit ted 
by the white fly (Bemisia t abac i ) and induced t yp i ca l symptoms 
on potato p l a n t s . The weed growing throughout the year and 
common in tomato f ie lds was considered a po t en t i a l reservoir of 
the v i rus during the off season. 
Yenna and Singh (1973) reported Trianthema portulacastrum 
as a loca l les ion host for b r i n j a l and tobacco mosaic v i r u s e s . 
This was the f i r s t record of egg p lant mosaic v i rus and tobacco 
mosaic v i rus on t h i s common weed in Ind ia . 
Verma and Singh (1973) t e s t ed four weeds as addi t iona l 
hosts of some plant v i r u s e s . In inoculat ion t e s t s with the 
v i ru ses , Sonchus arvensis was infected by b r i n j a l mosaic v i r u s , 
c h i l l i mosaic v i rus and tobacco mosaic v i rus only. The other 
3 weeds were not a t t acked . 
Cooper and Harrison (1973) studied the role of weed hosts 
and the d i s t r i b u t i o n and a c t i v i t y of vec tor nematodes in the 
ecology of tobacco r a t t l e v i r u s . The authors tes ted 9 common 
weed spp, found infected by TRY in Scotland. Out of these 
Viola arvensis and S t e l l a r i a media were overwintering reservoirs 
of i n f ec t ion . The v i rus was seed borne (2-1096) in V, arvensis 
and occasionally in other weeds. A na tu ra l ly infect ive popula-
t ion of the vector , Trichodorus spp, kept in s o i l free from 
plan ts in a glass house a t 20°C retained i t s i n f e c t i v i t y for 
20 weeks. 
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Schmelzer et_ a l . (1973) described spontaneous host p lants 
of a l f a l f a mosaic v i r u s . They reported t h a t out of 244 spp. 
growing adjacent to an overwintering lucerene f i e ld in 1971, 
22.5?6 were spontaneously infected by the v i r u s . Solanum nigrum 
was a good ind ica to r for high na tu ra l in fec t ion , 
Misra et_ a l , (1973) described the role of graminaceous 
weeds in the perpetuat ion of r ice tungro v i r u s . Alternat ive 
hosts of the v i rus showed tha t 9 spp, mostly weeds could be 
infected by the leaf hopper vec to r . There was no infec t ion t i l l 
45 days a f t e r inoculat ion but a f t e r one year the v i rus was 
recovered. Natural infec t ion was detected in Eleusine indica . 
Sorghum halpense and Sporobolus tremulus growing near infected 
r ice f i e l d , Padma e1^ al^, (1973) studied a mosaic disease of 
Launaea nudicaulis which they claimed to be new. The v i rus 
catising the disease was transmitted by graf t ing and the vec tor 
Mvzus pe r s i cae . The host range was l imi ted t o Launaea spp, 
Giri and Shanna (1974) reported a v i rus causing leaf 
d i s t o r t i o n in Oxalis c o m i c u l a t a , Symptcmis of vein enat ion, 
and leaf d i s t o r t i o n were seen in t h i s common weed. Disease was 
graf t t r ansmiss ib le , Sjrmptoms appeared to be confined to leaves 
and were more severe on young leaves than an o lder ones. The 
v i rus was not t ransmit ted mechanically, or by Mvzus persicae or 
through the seeds of infected p l a n t s . 
Free aminoacids of the healthy and mosaic affected p lants 
of Boerfaaavia diffusa were reported by Verma and Singh (1974), 
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Alanine a rg in ine , dehydroxyl phenyl-alanine, norleucine and 
tyrosine were present i n healthy p lan ts but not i n mosaic infected 
p l a n t s . Cystine, glutamic acid , h i s t i d i n e , hydroxy-proline, 
threonine and val ine were detected in infected p lan ts but not 
in healthy ones. 
Olivares et, a^. (1974) studied whitefly transmission of 
tobacco leaf cur l v i rus to vegetables and weeds. The v i rus was 
t ransmit ted by Bernisia t abac i to Chinese cabbage, Brassica 
.iuncea. radish, tomato, eggplant. Capsicum annuum. squash, 
Ylgna s inens is v a r . Sesquipedalis and the weed Asystasia coro-
mandeliaiaa. All except tomato are new records. Infect ion was 
22-7296 and the incubation period 7-41 days. There was no 
transmission to B. oleracea v a r s . b o t r y t i s and cap i ta ta pota to , 
Momordica charantia o r HJbiscixs e scu len tus . Padma et, a l , . (1974) 
cultured healthy and mosaic infected leaves of launaea nudicau l i s . 
They showed tha t concentrat ion of v i rus was s imi l a r t o t h a t in 
the glass house mater ia l but the incubation period was shor t e r 
i n indoculum from the t i s sue c u l t u r e s . Cassia tora was reported 
by Debrot (1974) to be a na tura l host of tobacco etch v i rus in 
Venezuela. The role of t h i s host i n the infec t ion of the several 
solanaceae was discussed. A new v i rus on grasses named Molinia 
s t reak v i rus was reported by Huth (1974). The v i rus was transmi-
t t ed mechanically from H. coerulea which exhibited i r r e g u l a r 
growth, delayed flowering, s t e r i l i t y and ch loro t ic and necrot ic 
s t reaks on the l eaves . The thermal inac t iva t ion point of the 
v i rus was near SS '^C and the d i l u t i on end point 3-4x10"^, pur i f ied 
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p a r t i c l e s had a sedimentation coeff ic ien t of 112 S and sedimented 
as a s ingle componant. 
Moline and Fries (1974) described a s t r a i n of Belladonna 
mottle v i rus i so la ted from Phvsalis hetrophy11a in Iowa, A 
v i rus sero logica l ly re la ted to European belladonna mottle v i rus 
with p a r t i c l e s C 29 nm diameter and containing C J,7% of RNA was 
recovered from t h i s common perennial weed in 1971. Two p a r t i c l e s 
are associa ted with i n f e c t i v i t y following densi ty gradient 
cent r i fugat ion, a non-infective top component (54 S) and an 
infect ive bottom component (114 S ) . Nicotiana globosa was 
a good systemic host which yielded large amounts of pur i f ied 
v i r u s . 
Vema (1974) described mosaic disease of Adhatoda vas ica . 
The v i rus was t ransmissible only by graf t ing and confined t o 
^ . va s i ca , 
Schmelzer and Schmelzer (1974) i so la ted cabbage black ring 
v i rus for the f i r s t time from diseased Euphorbia peplus . They 
considered tha t the weed £ . peplus i s a possible reservoir of 
cabbage black r ing v i r u s . 
Some weed reservoirs of cucumber mosaic v i rus in 
Gorakhpur and adjacent areas were reported by Joshi and Dubey 
(1975). Tffeed hosts of CMV were Amaranthus v i r i d i s . Nicotiana 
plumba^inifolia, Physalis minima. Salvia s p , and Solanum nigrum 
which ac t as po t en t i a l sources of infec t ion for crops throughoui 
the year . 
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Singh e t a^. (1975) described a mosaic disease of Digera 
a r v e n s i s . The y i rus was obtained from diseased p lan t s of t h i s 
COTimon weed growing in f i e lds of Pennisetum tvphoides and maize. 
In the same year a new vi rus disease of Sowthistte (Sonchus 
oleraceous) named sonchus yellow vein v i rus was reported by 
Fteddy and Janardhan (1975) from Bangalore. The v i rus observed 
for the f i r s t time in sxmimer of 1974, was t rasmit ted by young 
nymphs of Dactvnotus sonchi in a s t y l e t borne manner. The v i rus 
was considered to be d i s t i n c t from t h a t reported by Duffus (1963). 
Veraa and Singh (1975) reported thread l ike p a r t i c l e s 
from Launaea nudicaul is infected with Lauaaea mosaic v i rus which 
measured 750-930x16-18 nm. Agure (1975) invest igated the host 
range of potato v i rus M. In sap inoculat ion t e s t s with the v i rus 
on 142 spp, from 27 families 83 species were infected including 
ornamentals, vegetables and weeds. Biennia l l and perennial spp. 
(Arctium tomentosum). Campanula medium and Sonchus a rvens is ) 
were considered as p o t e n t i a l reservoi r s of the v i rus during 
winter , 
Horvath (1975) s tudied the s u s c e p t i b i l i t y of Aaaranthus 
species , v a r i e t i e s , forms and c u l t i v a r s to p l an t v i r u s e s . He 
recorded some new hosts of a l f a l f a mosaic v i r u s , cucumber mosaic 
vi rus and tobacco mosaic v i r u s . Out of 38 spp . , v a r s . , forms and 
cu l t i va r s inoculated with a l f a l f a mosaic v i r u s , 32 were new hos t s . 
Diseased plants showed d i f fe ren t types of symptoms some developed 
ch lo ro t i c , l a t e r brown loca l l e s ions , other loca l l e s ions , 
systemic mosaic, severe leaf defo l ia t ion and t iny necrot ic l e s i o n s . 
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In Inoculat ions with 3 s t r a i n s of CMV there were 32 new hosts 
responding \miformly with ch lo ro t i c , l a t e r brown, mostly ring 
shaped loca l l e s ions , No systemic symptcans were observed. Of 
the p lants inoculated with TMV, 35 were new hos t s . A new v i rus 
disease of rye grasses in Gterman Ftederal Republic was reported 
by Huth (1975). Infected p lants of Lolium Perenne and L. 
multiflorom were dwarfed and deep green with suppressed i n f l o r e -
scence. The most c h a r a c t e r i s t i c symptoms were h i s to id enations 
on the shortened leaves , stems and inf lorescences . These symptoms 
resemble those caused by maize rough dwarf v i rus which i s mo]>-
phological ly s im i l a r . 
Some v i rus diseases of grasses in the USSR were reported 
by Ffezv3razkina (1975),. Maize s t imt , barley yellow dwarf, winter 
wheat mosaic, wheat dwarf, wheat s t reak mosaic and barley s t r ipe 
mosaic v i ruses were reported on g ra s se s . The author indicated 
control measures and examined the vec to r host r e l a t i o n s h i p . 
Weinbaum and Milbrath (1976) i so la ted tobacco etch v i rus 
from b e l l peppers and weeds in southern I l l i n o i s . The authors 
reported t h a t commercial capsicum crops had been infected with 
tobacco etch v i rus since 1971. Symptoms were mild l ea f mosaic, 
severe f r u i t d i s t o r t i o n , uneven f r u i t r ipening and f r u i t d i s -
colourat ion. The v i rus was a lso found in weeds near the f i e l d s , 
which were Solanum carol inense . Cjrsium vulgare and Chenopodium 
album. CynanchiuHi^acutum^ as a new na tu ra l host of Lucerne 
mosaic v i rus was reported by Savino and G a l l i t e l l i (1976). The 
v i rus i so la ted from C. acutum was iden t i f i ed from the reactions 
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on ind ica tor p l an t s , i t s morphological charac te rs , hydrodynamic 
behaviour and sero logica l p rope r t i e s . 
Ksiazek (1976) invest igated an a l f a l f a mosaic s t r a i n 
i so la ted from weeds. Inoculat ion t e s t s on indica tor p lan ts with 
i s o l a t e s from Plantago l aceo la ta . Polygonxm convolvulus and 
Taraxacum off ic ina le showed the weeds to be symptcMnless c a r r i e r s 
of the v i r u s . S t e l l a r i a media was a lso a c a r r i e r . 
launaea mosaic v i rus was reported for the f i r s t time from 
India by Naqvi and Mahmood (1976). The authors described pro-
p e r t i e s , transmission and host range of the v i rus found on 
Launaea a s p l e n i i f o l i a . 
Ksiaz4k (1976) found cucumber mosaic v i rus in Conium 
maculaturn. Merticaria s p , , Polygonum convolvulus and Sonchus 
arvensis out of 53 species of weeds inves t iga ted . In the same 
year Schultz and Peter (1976) found sowthist le yellow vein v i rus 
in France and Netherland, I t was suggested tha t e i t h e r the v i rus 
has a far wider d i s t r i b u t i o n than believed, or i s spreading 
a f t e r recent in t roduct ion in to Europe. 
Khurana (1977) reported Trianthema monogvna as a new 
d i f f e r e n t i a l host for tobacco mosaic v i rus s t r a i n s . On the 
bas is of react ion and incubation period when T. monogyna was 
mechanically inoculated, they were grouped in 7 d i f fe ren t types . 
The 0-Y s t r of cucumber mosaic v i rus caused symptomless infect ion 
but TMV infect ion was character ized by necrot ic blotches with 
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white c en t r e s . Mixed infec t ion of S t r . \3^ was recorded in TMV 
U2 l e s i o n s . Plants 4-6 weeks old growing a t 25°C under 6OO Lux 
with normal i r r i g a t i o n were ideal as a TMV ind i ca to r . Tomato 
s t r s . of TMV, the r ing spot s t r . of pota to v i rus X, cucumber 
green mottle mosaic v i r u s , water melon s t r . and soyabean mosaic 
v i rus necrot ic s t r . were unable t o infec t Trianthema monogyna. 
Marriappan and Iferayanaswamy (I977a) character ized 
v i ruses inducing mosaic on weeds. They reported t h a t Amaranthus 
v i r i d i s and Trianthema decandra harboured dif ferent s t r a i n s of a 
mosaic v i rus which was t ransmit ted by aphlds . Solanum nigrum 
and Trianthema portulacastrum harboured Capsicum mosaic v i rus 
which was also t ransmit ted by aphids . The two i s o l a t e s were 
iden t i f i ed as s t r a i n s of potato v i rus Y. 
Reseda lutea and FVamaria asepala were reported as na tura l 
hosts of watermelon mosaic v i rus by Amiri and Ebrahim (1977). 
The two weeds wei^ found to be symptomless c a r r i e r s of the v i r u s . 
Solanum seaforthianum was found to be a weed host of eggplant 
mosaic v i rus by Debrot and Uzeategni (1977). In Venezuela, 
S. seaforthianum was found na tu ra l ly infected with eggplant mosaic 
v i r u s , diseased p lants showed mosaic mott l ing, vein banding and 
l i t t l e or no d i s t o r t i o n . The v i rus was read i ly t ransmit ted to 
some EMV indica tor hos t s , had a thermal inac t iva t ion point of 
75-80 C, reacted pos i t ive ly with EMV an t i se ra and was not transmitted 
by Myzus pe r s i cae . Purif ied v i rus contained many isometric p a r t i -
c les C 30 nm in diameter. 
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Mariappan and Narayanaswamy (1977B) further described 
v i ruses af fec t ing weeds. They reported t h a t tobacco leaf cur l 
was harboured by Achanthospermum hispidum» BlainvilleaThomboidea 
and Flayeria a u s t r a l a s i c a . I t was t ransmit ted from these hosts 
by Bernisia tabac i and by graf t ing to tobacco and tomato. These 
weeds could serve as sources of in fec t ion in the f i e l d . 
Andreeva et, al^. (1977) studied a c t i v i t y of o x i d a t i o n -
reduction enzymes in leaves of D, stramonium infected by d i f fe ren t 
s t r a i n s of potato v i rus X, The authors reported t h a t oxidase 
a c t i v i t y in infected leaves of D, stramonium was higher with more 
aggressive s t r a i n s of the v i rus due to peroxidase and polyphenol 
enzymes. Pur i f ica t ion and some physicochemical proper t ies of 
Sonchus yellow net v i rus were described by Jackson and Chris t ie 
(1977). Sowthistle yellow net v i rus (SYNV) was pur i f ied from a 
Nicotiana hybrid by c e l i t e f i l t r a t i o n and sucrose density 
gradient cen t r i fuga t ion . Infectious preparat ions sedimented a t 
1044S in l i nea r - log gradients and banded a t 1.183g/ml in sucrose 
equilibrium grad ien t s . Electron microscopy of pur i f ied prepara-
t ions revealed baci l l i form p a r t i c l e s (94x428 nm). The v i r ions 
had i n t e rna l cross s t r i a t i o n s with a pe r iod ic i ty of G.4.1 nm and 
surface project ions C.6 nm long. The mol.wt. of the v i r i o n 
estimated from s ize and density was C,9x10 . Nucleic acid from 
sodium dodecyl sulphi te disrupted v i r i ons was suscept ible to 
R-Nase, sedimented in sucrose gradients a t 44 S and had a 
molecular wt. 4,42 x 10 as estimated by polyacrylamide gel 
electrophoresis, Foiir major polype t ides with average mol, wts. 
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of 76800, 63800, 45500 and 39500 were detected by gel e l e c t r o -
phores i s . SYNV preparat ions reacted in gel diffusion t e s t s with 
a homologous antiserum, but not with an t i se ra to broccol i necrot ic 
yellows, l e t tuce necrot ic yellows or sowthist le yellow vein 
v i r u s e s , 
Solanum atropurpureum was reported as a na tu ra l reservoi r 
of potato v i rus Y (FVX) by Chagas ejb a l . (1977). The v i rus 
i so la ted from plants showing vein banding, ch loro t ic spot t ing and 
lea f cur l symptoms was iden t i f ied by means of t e s t p l an t s , 
physical proper t ies in sap, morphology and reac t ion aga ins t PVY 
antisertam. The occurrence of na tu ra l infect ions in t h i s wild 
p lan t indica tes t h a t i t may be an important r e se rvo i r of t h i s 
v i r u s . 
Naqvi and Mahmood (1977) described pu r i f i ca t ion and 
proper t ies of Launaea mosaic v i r u s . The v i rus which occurred on 
Launaea a sp l en i i fo l i a a common weed in Northern India was 
pur i f ied by ex t rac t ion with 0.1M phosphate buffer (pH 6.5) and 
0.3 M sodium sulphi te followed by d i f f e r e n t i a l cen t r i fuga t ion . 
The l a s t t races of normal pro te in were removed by ra te zonal 
density gradient cen t r i fuga t ion . LMV had one cent r i fugal 
component with a sedimentation coef f ic ien t of 60 S and a spher ical 
p a r t i c l e s of 30-35 nm diam. An antiserum agains t LMV was obtained 
and no serologica l re la t ionsh ip was found e i t h e r with Amaranthus 
mottle or cucumber mosaic v i r u s . 
Joshi et_ al^. (1978) described a v i rus disease named 
Desmodium tr if lorum mot t l e . Plants of t h i s weed (D. t r i f lorum) 
ko 
showing sjnnptoms of reduced growth, mild mosaic and leaf mott l ing 
followed by ear ly absc iss ion were infected with a v i rus closely 
re la ted to the aphid borne cowpea mosaic v i r u s . 
Sarkar and Kulshreshtha (1978) reported Croto lar ia s t r i a t a 
to be a new na tu ra l host of bean common mosaic. The ident i fy of 
the v i rus i so la ted from t h i s weed was confinaed by physical 
p roper t i e s , host range and t ransmission. 
Qureshi and Mahmood (1978) reported pu r i f i ca t ion and 
proper t i es of Datura mosaic v i r u s . On D. metel the v i rus caused 
mosaic, b l i s t e r l ike patches and shoestr inging and was mechani-
ca l ly t ransmissible with ease but only to solanaceous p l a n t s . 
The thermal inac t iva t ion point of the v i rus was 50°C, d i lu t ion 
end point 1:10 and ageing in v i t r o 24 hours a t 20-25°C. Purified 
infect ious preparations exhibited a UV spectrum typ ica l of 
nucleoproteins and a l i g h t sca t t e r ing band in densi ty gradient 
coltamns. Electron microscopy revealed flexuous rods C.712x11-13 nm, 
Mohamed (1978) described Cynosurus mottle v i r u s , a v i rus 
af fec t ing grasses in New Zealand, The v i rus was detected in 
4 grass spp. I t was se ro logica l ly re la ted to but not i den t i ca l 
with CYMV from U.K. I t had a d i l u t i o n end po in t of 10~^ and 
thermal inac t iva t ion point of 75°C, The isometric p a r t i c l e s 
were 28 nm in diameter. I t was t ransmit ted mechanically from 
grasses to oats by the aphid Rhopalosipfatmi pad i . 
Suter i and Joshi (1978) reported transmission of Desmodium 
tr i f lorum vi rus through seeds of infected D. t r i f lorum and by 
Myzus pe r s i cae . Aphis gossvpii and A. cracc ivora . 
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Hein (1978) reported t h a t tobacco etch vi rus infec ts 
Chenopodiijn guinea systemical ly . Systemic symptoms appeared on 
inoculated p lants as yellow leaf spots which gradually became 
necrot ic and contained c ry s t a l l i ne nuclear inclusion bodies . 
Combined infect ion by cauliflower mosaic virus and a rhabdo 
vi rus resembling BNYV (broceoli necrot ic yellows v i rus ) was 
noted by Jfeldman et, al_, (1978) in Argentina, Infected p lan ts 
were stunted and rese t ted with reduced leaves, mosaic, vein 
c lear ing and d i s t o r t i o n . I t was the f i r s t repor t of na tu ra l 
in fec t ion of t h i s weed by both v i r u s e s . Iden t i f i ca t ion was based 
on host range, symptomatology, ind ica tor p l an t s , e l ec t ron 
microscopy, cytoplasmic inclusion bodies and serology. 
Chagas ejb a^. (1978) described some wild solanaceous hosts 
of v i r u s e s . They inoculated 35 spp. of p lan ts with potato v i rus 
Y and i t s necrot ic s t r a i n , potato v i rus X, tobacco r a t t l e v i rus 
(TRV), tobacco mosaic v i r u s , cucumber mosaic v i rus and tobacco 
spotted wi l t v i r u s . In most cases systemic symptoms were pro-
duced. TRV and CMV did not infec t Solanum palinacanthum or 
^ , viarum. 
Carlos ejt al^. (1978) reported na tu ra l infec t ion Solanum 
chacoense by potato v i rus X and of S. nigrum by potato v i rus Y. 
Both weeds were common in tobacco, po ta to , capsicum and tomato 
crops , 
Prakash and Joshi (1978) described a new vi rus disease of 
Datura metel . Plants of t h i s common weed in Gorakhpur showed 
severe mosaic and lea f d i s t o r t i o n which was associated with a 
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previously undescribed v i r u s . The disease was t ransmit ted by 
sap and aphids but was ne i ther seed nor s o i l borne. The v i rus 
differed from Datura quercinia v i ruses in i t s t ransmission and 
from Datura wi l t virus in i t s e f fec t on D. stramonium. I t was 
unrelated sero logica l ly to cucumber mosaic v i r u s , potato v i rus X, 
potato v i rus Y and tobacco necrosis v i r u s e s . 
Naqvi and Mahmood (1978) studied MJlilotus mosaic v i r u s . 
18 p lant species in 7 families were found to be host of the 
v i r u s . Chenopodium amaranticolor and Tetragonia expansa were 
loca l l es ion hos t s . Thermal inac t iva t ion point of the v i rus 
o ""5 **'4 
was 60 C and d i l u t i on end poin t 1 0 - 1 0 , The v i rus retained 
i n f e c t i v i t y upto 96 h r . Chloroform phosphate procedure using 
0.5?^ th ioglycol ic acid was found to be the bes t method for 
pu r i f i ca t ion of the v i r u s . UV spectrum of the vi rus was typ ica l 
of nucleo-prote in . The v i rus had one cent r i fugal component with 
sedimentation value of 1A8 S, The v i rus p a r t i c l e s were flexuous 
filaments measuring approximately 600-620 nm long and 12 nm wide. 
I t was se ro logica l ly re la ted to tobacco etch v i r u s . 
Ahmad (1979) reported yellow vein mosaic of Digera 
a l t e r n i f o l i u s from Pakis tan . Symptoms on t h i s weed were a br ight 
yellow colourat ion of leaf v e i n s , Ihe v i rus was t ransmit ted by 
graf t ing and by Bernisia tabac i (Whitefly), but not mechanically. 
Krishna et. a l . (1979) described a v i rus i so la ted from 
infected plant of Solanum nigrum. I t resembled potato viriis Y 
in physical , morphological and sero logica l p r o p e r t i e s . I t 
differed from PVY in f a i l i ng to in fec t Chenopodium amaranticolor 
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and in infect ing Datura stramonium. Plants of t h i s common weed 
exhibi ted vein c lear ing , mosaic mott l ing, b l i s t e r i n g and reduc-
t i o n of the leaf lamina and pers i s ted throughout the l i f e of 
the hos t . The i so l a t e was regarded as a d i s t i n c t s t r a i n of PVY 
and was designated as PT£ S. nigrimi s t r a i n . 
Vincente ejt a l . (1979) found three wild solanaceous p lants 
as na tu ra l hosts of a v i r u s . Solanum ciliaturn and S. viarum 
showing vein banding and lea f deformation and S,. robustum s l igh t 
mott l ing were na tu ra l ly infected with a v i rus resembling potato 
v i rus Y in i t s symptoms on ind ica to r p l a n t s , physical proper t ies 
and morphology. I t was suggested t h a t these spp. may be reservoi rs 
of PVY for cu l t iva ted p l a n t s . 
Some ornamental and weed p lan ts as rese rvo i r s of potato 
v i rus Y and cucumber mosaic v i rus in Kumaon were reported by 
Suter i et, al_, (1979). PVY was recorded on Cassia occ iden ta l i s , 
Nicandra physaloides, Quisqualis indica , Solanum xanthocarpum 
and Tropaeolum ma.jus and CMV was recorded on Amaratnhus spinosus. 
Datura stramonium. Nicotiana s p . , Solanum nigrum and Tagetes 
e r e c t a . 
Verma and Mukerjee (1979) reported t h a t Datura metel leaf 
ex t r ac t inhibi ted tobacco mosaic v i rus in hypersensit ive hosts 
and tobacco ringspot v i rus in both loca l and systemic hosts when 
applied 24 hr , before inocula t ion . In Nicotiana glut inosa and 
tobacco, pretreatment of lower leaves induced res i s tance in the 
upper ones. 
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Barrodas et, a^. (1979) described some wild solanaceous 
p lan t s as experimental hosts of v i r u s e s . Solanum lvcocarp\jm« 
S, mammosum and S^ . robustum were inoculated with cucumber mosaic 
v i r u s , pota to v i ruses X and Y, potato v i rus Y necro t ic S t r . 
tobacco mosaic, tobacco r a t t l e and tomato spotted wi l t v i r u s e s . 
Systemic S5nnptom appeared in most ca ses . Charac te r i s t i c s3nnptoms 
of TRY and TSW appeared on S. Ivcocarpum of CMV, PVX, PVY and 
TSWV on S. mammosum and of PVY, TMV and TSW on S. robustum. 
S. Ivcocarpum was a l a t e n t host of TWV and S_. mammosum of PVY. 
All 3 spp, may be p o t e n t i a l reservoi rs of the v i ruses to which 
they were experimentally suscep t ib le , 
Mariyappan and Reddy (1979) described Indigofera h i rsuta 
as a na tu ra l rese rvo i r of horsegram yellow mosaic v i r u s . They 
suggested tha t a yellow mosaic v i rus on t h i s weed and a yellow 
mosaic of horsegram (Dolichos unif lorus) growing in adjacent 
p lo t s were caused by the same v i rus t rasmi t ted between the hosts 
by Bemisia t a b a c i . 
Lockhart and Fisher (1979) invest igated host range and 
some proper t ies of Bryonia m<j>jbtle. v i r u s . a new member of poty 
v i rus group. The v i rus was i so la ted from na tu ra l ly infected 
^« dioica growing along-side vegetable f ie lds in Morocco, In 
crude sap average p a r t i c l e length was 745 nm. Thermal i n a c t i -
va t ion point was 53--55°C and longevity in v i t r o 4-5 days a t 
22-24 C. The host range was la rge ly confined to cucurbitaceae, 
many plants being infected sys temical ly . The v i rus was 
t ransmit ted by Myzus persicae non-pe r s i s t an t ly . 
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Qureshi et, al_. (1979) reported Sonchus mosaic virus from 
India and observed t h a t the v i rus from Sonchus asper was t r a n s -
mitted mechanically and by Myzus pe r s i cae . I t has a l imited 
host range. R i r t i c l e s measured 470-475 x 13-14 nm. 
Raychoudhury (1980) tabulated the responses of two 
Chenopodium album populations from d i f fe ren t sources t o infec t ion , 
by 11 v i r u s e s , C. album from S i l i g u r i produced many more loca l 
les ions than the other type and was su i tab le for v i rus assay, 
Verma and Awasthi (l980) described the occurrence of a highly 
a n t i v i r a l agent in p lan ts t rea ted with Boerhaavia diffusa 
i n h i b i t o r , A na tu ra l ly , occurring glycoprotein present in 
B. diffusa root e x t r a c t (B.D,Inhibitor) caused p lant c e l l s to 
produce a highly a n t i v i r a l agent . This (AVA) was present in 
i n h i b i t o r t rea ted p lan ts only and was produced 20-48 hr a f t e r 
t rea tment . Crude (AVA) markedly reduced the i n f e c t i v i t y of 
v i rus in vitix) and in vivo the v i rus content of leaves and leaf 
disks was suppressed, 
Qureshi and Mahmood (1980) pur i f ied Amaranthus mottle v i rus 
and determined sOTie of i t s p r o p e r t i e s . I t infected 14 spp. in 
Amaranthaceae, Chenopodiaceae and leguminosae. Ten other species 
were ssrmptomless c a r r i e r s . A, g r a c i l i s and C, amaranticolor were 
loca l les ion hos t s . The v i rus was t ransmit ted by sap inoculat ion 
and by Mvzus persicae in a non p e r s i s t a n t manner. The Thermal 
inac t iva t ion point of the v i rus was 60°C, d i lu t ion end point lo"^ 
and longevity in v i t r o 48 hrs a t roan temperature (20-25°C). 
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Schimoski and Albrecht (1980) described the distribution 
of cherry leaf roll virus in wild Sambucus racemosa in Germany. 
The authors found that an average of 24,7?^  infection of S. 
racemosa occurred in the low mountain areas, ^,^% in the low 
lands. During dormancy in autumn and winter CLRV was isolated 
from lower buds as reliably as at bud burst in spring. Reliability 
of detection by rubbing sap from older flowers on to Chenopodium 
guinea was upto 98,19i, 
A chlorotic mosaic of fall hawkbit (Leontodon autumnalis) 
was reported by Singh and McDonold (1980), Short rigid rod 
shaped virus with length classes of 1A0 nm and 160 nm was associa-
ted with a chlorotic mosaic of this common weed of potato growing 
areas of eastern Canada. It was serologically related to 
hypochoeris mosaic virus, 
Singh and Verma (1981) tested leaf extracts of 20 medicinal 
plants for inhibition of tobacco mosaic virus. Extract of 
D, metel completely inhibited tobacco mosaic virus on 
Chenopodiian amaranticolor. This activity was not destroyed by 
low speed centrifugation, dilution upto 1:3, pH 4-10, temperature 
upto 75°C or dialysis. They showed that the extract was inhibi-
tory when mixed with the TMV inoculum or applied to the test 
plant before inoculation. 
Ksiazek (1981) discussed incidence and detectibility of 
viruses in weeds. The author discussed the problem of weeds as 
symptomless carriers and their role in virus spread. The work 
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was done during 1968-77 in Poland and Belgium. Out of 3220 
p lan t s (131 spp.) invest igated in which 2449 (83 spp . ) were 
weeds, col lected under na tura l conditions 49^  were infected with 
v i rus but of 771 weeds (A8 spp.) inoculated in the glass house 
139i became infected with beet yellow v i r u s , 5 with cucijmber 
mosaic v i rus and 3 with a l f a l f a mosaic v i r u s . The remaining 
43 i s o l a t e s were not i d e n t i f i e d . The results revealed some new 
host r ecords . The v i rus concentration in the weeds varied with 
c l imat ic condi t ions . The role of weeds in the epidemiology of 
v i rus disease was emphasized. 
Givord (1982) i so la ted pepper ve ina l mottle v i rus from the 
weed, Phvsalis angulata in Ivory Coast, The v i rus was i so la ted 
from plan ts showing vein yellowing and mosaic infected leaves of 
P . angula ta . Grasses as reservoi r s of barley yellow dwarf v i rus 
(BYDV) in Indiana was reported by f&rgettle et. al^. (1982). The 
authors reported tha t C,5096 of grass samples col lec ted in the 
summer of 1980 contained BYDV. The i so l a t e resembled s t r s , PAV 
(non spec i f i ca l ly t ransmit ted by Rhopalosiphum padi and 
Macrosiphum avenae. MAY (spec i f ica l ly t ransmit ted by M. avenae) 
or RPV (spec i f ica l ly transmitted by R. p a d i ) . The authors 
concluded t h a t though threre i s a large reservoi r of BYDV in 
perennial grasses in Indiana, but t h i s may not be the most 
important inoculum source for spread to c e r e a l s , 
Allen and Davis (1982) gave d i s t r i b u t i o n of tobacco r a t t l e 
v i rus and potato v i rus X in leaves, roots and f r u i t s or seeds of 
na tu ra l ly infected weeds. They reported tha t out of 28 weed 
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species in TRY infected potato f i e l d s , 4 contained only TRV, 
3 only PVX and 8 had both the v i r u s e s . TRV was located only 
in the roots of 5 spp. and PVX only in the leaves of 5 seeds and/ 
or f r u i t s of 3 spp. contained TRV while PVX was found in those 
of 2 . Only Solanum sovachoides contained both v i ruses in a l l 
p lants t e s t e d , 
Credi e t al^. (1982) reported sowthis t le yellow vein v i rus 
from I t a l y on Sonchus oleraceus and S. asper near Borlogna. 
Jfemandez and Pelaez (1982) described t h a t Commelina 
e l ec t a i s a na tura l reservoi r of cucumber mosaic v i rus in Cuba 
and iden t i f ied i t on the basis of i t s host range, morphological, 
biophysical and sero logica l cha rac t e r s . 
Eskarous et_ a l . (1983) reported a s t r a i n of potato v i rus Y 
i so la ted from Solanum nigrum v a r . Judaicum from Egypt. Virus 
showing mott l ing, vein c lear ing and leaf abnormali t ies was 
t ransmissible mechanically, by Aphis ccanpositae and A. craccivora. 
by graf t ing and through seeds . I t infected 45 p lan ts out of 
125 t e s t e d . Virus p a r t i c l e s were filamentous C 730 nm long and 
were spec i f i ca l ly decorated by an antiserum to PVY. 
Barradas and Alexandre (1983) reported scane wild Solanum 
species as hosts of Braz i l ian tobacco s t reak v i r u s . These hosts 
are Solanum Ivcocarpum. S. mammosum. S. grandiflorum. 
S. jatrophifol ium. S. robustum and S. sisymbrifolium. Iftider 
na tu ra l conditions these spp, may ac t as a na tura l rese rvo i r of 
the v i r u s . Only S. diflorum was r e s i s t a n t . 
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Lima Neto (1984) reported tobacco white necrosis v i rus 
on Talinum patens as a na tu ra l host found in Prana s t a t e of 
B r a z i l . A t i r i (1984) described okra mosaic in weeds (Sida s p p . ) . 
Virus induced prominent yellow mosaic symptoms i so l a t ed from 
Sida acuta and ^ . riiomboidea« The transmission, host range, 
p a r t i c l e morphology and sero logica l r e la t ionsh ip suggested tha t 
v i rus was an i so l a t e of the Nigerian S t r , of Okra (Hibiscus 
esculentus) mosaic v i rus and therefore d i f fe ren t from the Ivory 
Coast S t r . of the v i r u s . These weeds are implicated as reservoi rs 
of the v i r u s , 
A t i r i (1983) fur ther reported the occurrence and importance 
of Okra mosaic v i rus in Nigerian weeds. Be found severa l weeds 
growing in the farm v i c i n i t y showing v i rus or v i rus l ike symptoms 
a f t e r mechanical inoculat ion of crude sap from three malvaceous 
weeds (Abutilon hirtum, Sida acuta and Malvastrum coromandelianum 
and one solanacious weed (Phvsalis angu la t a ) , 
Kadian (1983) reported some weed p lants as host of Urd 
bean leaf cr inkle v i rus frcm Hissar . Out of 23 spp. t e s ted 5 
become infected by Urd bean leaf cr inkle v i r u s . Infect ion was 
systemic in Convolvulus arvensis and disease incidence of Vigna 
mungo was grea ter in f ie lds where the weed was prevalent than 
in f ie lds free from i t . 
Polak and Chlumuska (1983) reported the incidence of 
cucumber mosaic v i rus and turn ip mosaic v i rus on wild hosts in 
Czechoslovakia* In the na tu ra l a s soc ia t ions , S t e l l a r i a holoslea. 
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Moehringia t r i ne rv i a and Galixan vemum appeared t o be new hosts 
of CMY, vihtle TuMY occurred only on Symphytum tuberosum and 
Scrophularia nodosa, 
Gracia et. al_. (1983) described proper t ies and c l a s s i f i c a -
t i on of Potex v i rus i so la ted from three p lant species in 
Argentina, They reported tha t the viri is i so la ted from 
Plantogominor dandelion. (Taraxacum of f i c ina le ) and Call is tephus 
chinensis has a wide host range and produced systemic symptoms in 
severa l spp. of Chenopodiaceae, Compositae, Labiatae, 
Scrophulariaceae and Solanaceae, The thermal inac t iva t ion point 
was 90-95°C, d i l u t i on end point was 10"® - 10"^ and longevity 
in v i t r o 32-64 days, 
Mountain e t a a , (1983) invest igated transmission of tomato 
r ingspot v i rus from dandelion v ia seed and dagger nematodes. When 
seedlings from 5 Tin RSV infected Taraxacum off ic ina le p lants were 
assayed an average 243^  were infected but germination was unaffected, 
Xiphinema revesi acquired the v i rus from infected p lan ts and 
transmit ted i t to healthy seed l ings . Dandelion was a major 
na tu ra l resvoi r of the v i rus in Pennsylvania. 
P&lak and Pfelikan (1984) imported Rumex obtus i fo l ius as 
a na tura l host of beet yellows and cucumber mosaic v i rus from 
Czechoslovakia. Symptoms evoked were vein c lear ing and small 
yellow spots on young leaves . Tests on d i f f e r e n t i a l hos ts , 
e lec t ron microscopy and serodiagnosis by double r a d i a l diffusion 
in agar showed t h a t the diseases were caused ' r e spec t ive ly by 
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beet yellow v i rus and cucianber mosaic v i r u s , induced Hibiscus 
esculentus mosaic v i rus symptoms on okra and t e s t seedl ings , 
se ro logica l t e s t s confirmed the presence of the v i r u s . 
Powell ejb al^. (1984) reported orchard weeds as hosts of 
tomato r ing spot and tobacco ring spot v i r u s e s . Infect ion was 
detected when 42 weed spp. (22 families) were col lected from 
TmRSV infected apple or peach orchards and analyzed by ELISA, 
32 spp. (5 famil ies) were found infected by TbRSV. Species with 
the highest frequency of TmRSV were Taraxacum o f f i c ina l e . Rxmex 
ace tose l l a and S t e l l a r i a spp. 
Cupertino et_ a J , (1984) reported tobacco s t reak v i rus 
infec t ion of tomato and some na tura l weed hosts in Ca l i fo rn ia , 
The v i rus was i so la ted from tomato, yellow mustard, milk t h i s t l e 
and wild radish (Raphanus raphanistrum) col lec ted from 3 tomato 
f ie lds near Sacramento. All TSV i s o l a t e s from these hosts were 
infect ious to Peto 81 tomato, causing stem and leaf necrosis 
and r ing spots on f r u i t s s imi la r t o sjrmptoms observed in the 
f i e l d . The v i rus was seed borne in experimentally infected 
Chenopodium quinoa and na tura l ly infected wild r ad i sh . I d e n t i f i -
cat ion was based on symptomatology, host range, in v i t r o p roper t i e s , 
morphology and serology. 
Polak (1985) described the importance of wild p lants 
belonging to rudera l commtinities as foci for v i rus infect ions 
in crops . Studies on the occurrence of cucumber mosaic, turnip 
mosaic and tobacco mosaic v i ruses on 5 ruderal p lant spp. showed 
a proport ional s t imulat ing ef fec t of increasing p l an t population 
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densi ty on v i rus dissemination. A l l i a r i a o f f i c ina l i s plants 
inoculated with a mixture of CMV and TuMV developed severe mosaic 
symptoms a f t e r transference to ruderal s o i l where as those l e f t 
in t h e i r na tura l environment had mostly symptomless in fec t ion . 
Lockhart e t al_. (1985) reported tha t seed transmission 
of squash mosaic v i rus in Chenopodium spp, determined by ELISA of 
genninated seedlings was 20% in C, guinoa and 23% in C. murale. 
Atriplex glauca, a widespread draught r e s i s t a n t chenopodiaceous 
weed was infected systemically by SqMV thereby cons t i tu t ing 
another po ten t i a l l y important rese rvo i r of the v i r u s . 
Parent e t a l . (1985) character ized two i s o l a t e s of a 
tobamo v i rus frcm lychnis alba re la ted to Holmes r i b grass 
s t r a i n . The B.C. i s o l a t e s (l^ and L2) were c losely re la ted to 
tobacco mosaic v i rus Holmes r ibgrass (HR) i so la t e on the basis 
of t h e i r amino acid composition. They differed by t h e i r sympto-
matology on samsun tobacco and by t h e i r s e n s i t i v i t y to in v i t r o 
decapsidation condi t ions . Analysis of v i r a l RNAs with finger 
p r i n t techniques showed a complexity s imi la r to other well known 
TMV s t r a i n and no difference between the 2 i s o l a t e s . Several 
immunological cross react ions were obtained with d i f f e r en t IMV 
i s o l a t e s . This was the second repor t of HR-related tobamo 
v i rus i s o l a t e s from wild L. alba (Caryophyllaceae) (RAM 46, 2665). 
Marco (1985) reported turn ip mosaic and cauliflower mosaic 
v i ruses in I s r a e l , These v i ruses were i so la ted from cruciferous 
crops and weeds. Symptoms were vein c lear ing mild and severe 
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mosaic accompanied by varying degrees of s tun t and leaf d i s t o r -
t i on and ident i f ied on the basis of t h e i r host range and e lec t ron 
microscopic and sero logica l c h a r a c t e r i s t i c s . 
Dijkstra et, al_. (1985) character ized a car lav i rus from 
Taraxacum a f f i c i n a l e . Out of 52 p lan t spp, and cu l t i va r s tes ted 
24 were infected with v i s i b l e symptoms. I t was t ransmissible 
by sap but not by seed, Myzus persicae or dodder. Dilut ion end 
point was 10"^, thermal inac t iva t ion 80°-85°C, longevity in 
v i t r o 24 h, sedimentation coef f ic ien t 136S, buoyant densi ty 
1,306 g/cm^ and the av , A260/A28O r a t i o 1:16. Although i t showed 
a close sero logica l r e l a t i o n to dandelion l a t e n t v i r u s , 
chrysanthemum vi rus B and potato v i rus S, t h i s v i rus differed 
grea t ly in host range and symtomatology and in lack of transmi-
ss ion by M. persicae and so could not be considered as a s t r . of 
any of them. I t s proposed name was dandelion c a r l a v i r u s . 
Verde revs kaja et, al^. (1985) described the importance of 
weeds as reservoi rs of plum pox v i r u s . The incidence of PPV 
increased from 69.2?6 to 72.99i in 1981 in plum t r ee s in a produc-
t i o n imi t in the Maldavian SSR. None of the samples of 16 weed 
spp. from infected orchards examined was found to be infec ted . 
Inoculat ion showed 8 of these spp. to be experimental hosts of 
PPV, including 3 previously unknown hosts Capsella bursapas tor i s . 
S t e l l a r i a media and Veronica p e r s i c a . Results suggest tha t weeds 
are not important as na tura l hosts of plum pox v i r u s . 
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Rana and Mondelli (1985) reported Solanum nigrum and 
EGbaIlium elaterium as hosts of v i ruses pathogenic to cu l t iva ted 
p lan ts in Apulia. The authors i so la ted potato v i rus Y and 
tobacco r a t t l e v i rus from S. nigrum. The TRY i so l a t e was se ro lo -
g i ca l ly re la ted to broad bean yellow band v i rus and 3 other TRY 
i s o l a t e s , E. elaterium with systemic chloros is can be a dangerous 
source of Zucchini yellow fleck v i rus of cucurb i t s . The 3 
v i ruses were iden t i f ied by immunosorbent e lec t ron microscopy, 
Valverde (1985) reported spring beauty l a t e n t virxis as a 
new member of the bromovirus group. This v i rus designated spring 
beauty l a t e n t v i rus resembled members of the bromovirus group in 
p a r t i c l e s ize and shape, sedimentation coef f ic ien t , mol. wt. and 
number of RNA components. I t d i f fered in host range, mol, wt, 
of p ro te in coat and serology. By using Ouchterlony double 
diffusion t e s t s , a very d i s t a n t se ro log ica l r e la t ionsh ip to 
cowpea, ch lorot ic mottle v i rus and brome mosaic v i rus could be 
demonstrated, but no re la t ionsh ip to broad bean mottle v i rus 
and melandrium yellow fleck vi rus was evident , 
Debrot et^ al, . (1986) reported a bean golden mosaic of 
legumes in Venezuela commonly causing golden mosaic in beans 
(Phaseolus va lga r i s ) and Lima beans (P, lunatus) and occasionally 
in the weed Macroptilium la thyro ides . The i so l a t e was s imi la r 
but not i den t i ca l with the Puerto Ricon BCaW i so l a t e in DM 
hybr id isa t ion analyses . 
55 
Cho e t a l , (1986) described some weed hosts as reservoirs 
of tomato spotted wi l t v i r u s . They reported tha t 9000 p lan t 
samples from Hawaii's major vegetable production areas were 
col lected and analyzed by ELISA. 44 p lant species (16 families) 
were found infected with TSW of vAiich 25 are considered important 
r ese rvo i r s of the v i rus and 24 are new hos t s . 
CHAPTER I I I 
HATBRULS AND METHODS 
OaltlTation of plants : 
All plants vere grown In clay pots of 4 and 6 In diameter 
in s o i l consisting of a mixture of sand, s o i l and farmyard manure 
in a ratio of 1:2:1, The s o i l was s t er i l i z ed by autoclaying 
for 1 hr at a pressure of 20 lb per sq inch and kept o v e n i i ^ t 
at room temperature. Clay pots were s t er i l i zed by rinsing with 
k% formaldehyde solut ion. Pots were f i l l e d with s o i l 24 hr 
after r insing. Nicotiana tabacim var. Harrison's Special plants 
were used to maintain the culture. Chenopodium amaranticolor. 
Coste & Reyn was used as a bioassay plant . C, amaranticolor 
plants were raised in wooden trays in autoclaved s o i l . Vfhen 
plants were at 3 leaf stagp (about 2 weeks o ld) , they were 
transplanted singly in clay pots . Plants were used for Inoculation 
2 weeks after transplanting. All the plants were raised and 
kept in an insect-proof glass house at 20-30°C. 
Virus culture and method of inocglation : 
The isolate obtained from an infected Trianthema portu-
lacastrum plant growing on the roadside near Aftab Hostel, A.M.U,, 
Aligarh was used in this study. The plant exhibited l i ght 
yellowing, vein clearing and mosaic symptoms on the leaves . 
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Single les ion culture fzx>m Cbenopodlum amarantlcolor was used 
and the virus Isolate was maintained on Nlcotlana tabacum var. 
Iteirrlson's Special by mechanical sap Inoculation. Periodic 
check to ensure Identity of the Isolate was made on N. tabacum 
var, *Ifeirrlson*s Special, £ . amarantlcolor and other appropriate 
hosts . Al l inoculations were made using the forefinger and 
employing carborandum (300 mesh) as an abrasive. After Inocula-
t ion the leaves were rinsed in a gentle stream of water. Two 
weeks old N. tabacum var. Harrison's Special plants and 4 weeks 
old C^, amarantlcolor plants were used In a l l cases . Standard 
extract was used as Inoculum for maintaining the culture. 
Standard extract : 
Standard extract was prepared from N. tabacum var. 
Harrison's Special plants Inoculated 10 to 15 days ear l ier 
showing vein clearing. Irregular dark green patches and mottling 
on the leaves . Whole plant along with roots was taken, washed 
and cut into b i t s and homogenised In a mortar with a pestle 
after addition of 0.1 M phosphate buffer pH 7.0 and 0.1 per cent 
sodlian sulphite. Pbr each gram of plant material 1 ml buffer 
and 1 ml of sodium sulphite was used. The homogenate was 
squeezed throu^ two layers of cheese c loth . Sap squeezed out 
from the bemogenate was collected and diluted to 1:1 with 
phosphate buffer pH 7 .0 . This diluted sap referred to as 
" Standard extract" , was used as virus inoculta throughout the 
experimental work except in host range s tudies . 
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Ylras aasay : 
N, tabacum v a r , Harr ison 's Special and C. amaranticolor 
p lan t s of the same age and height with required number of leaves 
of almost equal s ize growing under i d e n t i c a l conditions were 
used, l a t e r a l branches and extra l ea res were clipped off from 
the p l a n t s , 24 hr before inocula t ion . Leaves were dusted 
uniformly with carborundum (500 mesh). Inoculations were done 
manually using the fore finger which was dipped in the inoculum 
and gently but firmly rubbed over the lamina making 2 passes 
over the surface of the lamina. Leaves were washed immediately 
a f t e r inoculat ion with a gentle stream of water. Local les ions 
were counted 5 t o 7 days a f t e r inocu la t ion . Plants were arranged 
in a Latin squre design when d i f fe ren t samples of inoculum were 
compared. Three p lan t s having 6 leaves each were used for 
inoculat ing each sample and each experiment rep l ica ted t h r i c e • 
Average of three experiments was included in the r e s u l t s . 
Heat ranga and ayptomatology : 
Several species and v a r i e t i e s of p lan ts belonging to 
d i f fe ren t families were inoculated with the i so l a t e using sap 
from Nicotiana tabacum v a r . Harr ison 's Special p lan t s inoculated 
14 days e a r l i e r . Standard e x t r a c t was used a t o r ig ina l d i l u t i o n . 
Inoculat ion were made manually using the fore finger and 
carborandum 500 mesh as an abras ive . Plants a t US l ea f stage 
were used for inocula t ion . All the ful ly expanded leaves were 
inocula ted . Soon a f t e r inoculat ion, the inoculated leaves were 
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r insed with a gentle stream of water. At l e a s t 3 p lan ts of each 
species or va r i e ty were inoculated and same nianaber of p lants were 
kept as con t ro l . The experiment was repeated t h r i c e . After 
inocula t ion p lants were observed dai ly for the development of 
symptoms. Time, sequence and sever i ty of symptoms were noted. 
The p lants were kept under observation for 8 weeks. Back 
inoculat ions were made on Chenopodium amaranticolor from a l l 
the inoculated p l a n t s . 
TRANSMISSION 
Various methods^ of transmission were t es ted to a sce r t a in 
the spread of virus in na tu re . Standard methods and modifications 
have been de ta i led in the following t e x t . 
Rreparatioa e f \mft9ra t 
Different types of buffer were prepared by methods as 
described by Gkmori (1955), pH of buffers was checked by Phi l ips 
Dig i t a l pH meter model PP 9045. 
Inocniatlon : 
Inoculations were made by rubbing the fore f inger dipped 
in the standard ex t r ac t (SE) on leaves of the t e s t p lan ts 
predusted with carborundum powder (500 mesh). Al te rna t ive ly , 
SE mixed with carborundum was rubbed on the l eaves . 
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Rearing of aphlds : 
Virus free aphids were reared on appropriate host p l a n t s . 
4 p lan ts were covered by an aphid proof cage and placed on a 
zinc t r a y . The bottom of the t ray was covered with a layer of 
wet sand t o prevent the aphids from passing through chinks 
between the t ray and the rim of the cage. The cages had a 
wooden frame. The top and the two s ides of the cage were closed 
by glass-panes and the other s ides by muslin c lo th or wire 
gauze. Each new colony was s t a r t ed by placing about 10 aphids 
on fresh p l a n t s . The colony of the aphids was reared a t 22 C 
under continuous l ig j i t . 
Prodttction of virus free nymphs : 
Viviparous adu l t s were starved for 8 h r s . a t room 
temperature and then placed upon a detached leaf of appropriate 
healthy host p lan t in a p e t r i d i s h . The atmosphere inside the 
pe t rMish was made humid by covering the inner surface with wet 
f i l t e r paper. Newly-born nymphs were t ransfer red to a fresh 
p l a n t . 
Aphid transmission t 
Transmission s tudies were performed using aphids from 
the hea l t t ^ colony. Aphids were col lec ted frc» the p lant with 
a moistened paint brush. Transmission was t r i e d using both 
nymphs and a d u l t s . About 500 adu l t s o r nymphs col lec ted from 
the healthy colony were starved for 1 hr and then colonized on 
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tobacco CY, Harisson*s Special p lan t s inoculated with Trianthe«a 
mosaic v i rus 14 days e a r l i e r . The p lan ts were covered with a 
l an te rn chimney the top of which was covered with muslin c lo th . 
This allowed watching the behaviour of the aphids . In one se t 
of experiments five batches of 5 aphids were removed from the 
p lan ts a f t e r allowing acqu i s i t ion feeding time of 1, 2, 3 , 4 
and 5 minutes respect ive ly and were then placed on very young, 
healthy tobacco p l a n t s . They were allowed the same inoculat ion 
feeding time as acqu i s i t ion feeding t ime. Aphids were k i l l ed 
a f t e r t h i s period by Andrex spray. The p lan t s were placed on 
the glass house bench and symptoms observed pe r iod i ca l l y . 
To determine the mode' of t ransmission, s e r i a l t r ans fe r of 
the aphids was done on small tobacco p lan t s having 2 or 3 l eaves . 
Nymphs which had been allowed an acqu i s i t i on access period of 
24 hr on diseased p lan ts were t rans fe r red singly with a pa in t -
brush on healthy tobacco p lants and covered with l an te rn chimney. 
After inoculat ion access time of 24 hr these aphids were t r a n s -
ferred t o fresh p l a n t s . This was continued for 10 days. Plants 
were checked for 4 weeks a f t e r terminat ion of inocula t ion 
feeding. 
Dodder tranaml«»lon t 
Gtiscuta ref lexa Roxb. was placed on a Trianthema p lan t 
inoculated 15 days e a r l i e r with Trianthema mosaic v i r u s . After 
establishment of the dodder on the inoculated p lan t , i t s stem 
t i p s were brought i n contact with heal thy Trianthema p l a n t . 
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After two weeks the healthy p lants was shaded and the dodder 
was pruned to br ing about flow of sap towards the healthy p l a n t . 
The p lan ts were kept for 8 weeks for observat ion. 
GRAFT TRANSMISSION t 
Ten 6 weeks old Nicotjana tabacum v a r . Harr ison 's Special 
p lan t s growing in 6 in po t s , were se lected and used as s tock . 
Ten Nicotiana tabacum v a r . Harr ison 's Special p lan t s inoculated 
15 days e a r l i e r with TiW^ and having the stem diameter as the 
healthy ones were se lected and used as sc ion . The upper pa r t 
of the stock was removed with a sharp razor blade and a downward 
s l i t was made in the stem. All leaves except a few on the lower 
side were removed from the s tock. The upper pa r t of the scion 
was cut with a sharp razor blade and a l l the leaves were removed 
from t h i s por t ion . The cut end of the scion was trimmed to a 
wedge shape and inser ted in to the s l i t e made in the s tock. The 
depth of the cut in . the stock was kept equal t o the length of 
the wedge. The operat ion was done very quickly in order to 
prevent drying of the cut sur faces . After i n se r t i on of the wedge 
i n the stock, wet cot ton was wrapped arround the point of 
i n se r t ion and t i ed with pol3rthen bag, the inner s ides of which 
was rinsed with water. The p lan t was kept covered with the 
bag u n t i l the graft union was healed. 
SEED TRANSMISSION : 
To a sce r t a in the seed transmission on v i rus the expe r i -
ments were carr ied out in two ways: 
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i ) Qrowlng on t e s t s : 
Seeds >«ere col lec ted from healthy and virxis infected 
p lan t s and were grown separate ly in an insec t proof screen hoxise 
i n containers of s t e r i l i z e d s o i l . Plants were sprayed with an 
insec t i c ide (monocil) a t weekly i n t e rva l s as a precaution 
aga ins t insec t t ransmission. After seedl ing emergence the 
symtoms were observed on these p lan ts t i l l 2 months. 
l i ) In fec t lv l ty assay : 
Leaf t i s sues of such p lan ts were ground in ex t rac t ion 
buffer (EB) and SE was inoculated manually on ind ica to r / 
d iagnost ic hosts of the v i r u s , 
BIO-PHYSICAL PROPERTIES : 
techniques as de ta i led by Noordam (1973) were employed 
for a sce r t a in ing d i l u t i o n end point (DEP), thermal inac t iva t ion 
point (TIP) and log iv i ty in v i t r o (LIV). Studies were carr ied 
out both in systemic and loca l l e s ion hos t . 
Thenaal i n a c t l r a t i o n point 
A batch of tobacco p lan ts was inoculated with the standard 
e x t r a c t . Infected t i s s u e 14 days a f t e r inoculat ion was homogi-
nized in a morter and pes t l e and the sap was squeezed out 
through two layers of cheese c l o t h . I t was divided in to 10 
equal a l l q u o t s . Bach a l iquo t was put in a small glass ampule. 
The ampule was sealed by heating the neck on a burner and 
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press ing i t with a tweezer. The tube was plunged In a water 
bath kept a t a constant temperature. After a lapse of 10 mln. 
the tube was taken out and plunged In a beaker containing cold 
water t o cool I t as quickly as p o s s i b l e . The dlffeirent a l lquo ts 
were heated a t 40, 50, 55, 60, 65, 70, 75, 80, 85 and 90°C. 
After cooling, the tubes were opened by cu t t ing the neck with 
a g la s s -kn i fe . The a l lquo t s were Inoculated t o t e s t p l a n t s , 
and the development of symptoms noted. Plants were kept for 
observation i f no symptoms developed for 8 weeks. 
Bilntion end point 
Young C, amarantlcolor p lan t s vere Inoculated manually 
with sap obtained from plants inoculated 12-14 days e a r l i e r , 
using carborundum 500 mesh as an ab ra s ive . Sap was obtained by 
homogenizing t i s sue in a mortar and passing the pulp through 
two layers of cheese c l o t h . Ten-fold d i lu t ions of the sap were 
made in 0.1 M phosphate buffer pH 7 . 0 . Dilutions 10""^ 10*"^, 
- 3 - 4 -'5 -6 - 7 
10 , 1 0 , 10 -^f 10 and 10 were inoculated on the leaves 
of C, amarantlcolor p l a n t s . Three p lan t s having 6 leaves 
each were inoculated with each d i l u t i o n . Lesions evoked were 
counted 6-^ days a f t e r inocula t ion . The experiment was 
performed t h r i c e . 
Aging in v i t r o 
Infected t i s sue from Nicotiana tabacum plants 15 days 
a f t e r inoculat ion was homogenized in a mortar with a pes t l e and 
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the sap Mas expressed by passing the pulp through two layers 
of cheese c lo th and allowed t o stand a t room temperature. 
Stoall a l iquo ts wer^ inoculated t o ^ . amaranticolor p lants 
a f t e r in te rva l s of 12 hr upto 96 h r . The inoculat ions were done 
manually using carborundum 500 mesh as an ab ra s ive . Inoculated 
leaves were washed soon a f t e r inocula t ion with a gentle stream 
of water. 
Selection of host for prepajEation of virus 
To se l ec t the appropriate p lan t species for maximum 
v i rus concentrat ion, d i f fe ren t host species were taken and 
mechanically inoculated with standard e x t r a c t (SE). Inoculated 
p lan ts were bioassayed a t d i f ferent in t e rva l s a f t e r inocula t ion . 
Ck»ncentpation of virwa in the plants at different t ines after 
aiechanical inoculation : 
Seeds of £ . amaranticolor were sown in wooden t r a y s . Two 
weeks l a t e r vigorously growing p lants of uniform growth were 
t ransplanted in wooden t rays approximately 4 in a p a r t . Several 
such p lan ts were Inoculated mechanically with the standard 
e x t r a c t . Immediately a f t e r inoculat ion p lants were r insed with 
gentle stream of water. Al l p lants were placed on glass house 
bench. At in t e rva l of A8 hr , three p lan t s selected randomly 
were cut a t s o i l l eve l and homogenized in a morter with p e s t l e . 
The homogenate was squeezed through two layers of cheese c l o t h . 
Several 10-fold d i lu t ions of sap were assayed on C. amaranticolor 
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p lan t s using a t l e a s t 3 p lan ts having 6 leaves for each assay. 
This was continued for 3 weeks. 
Blstribntlon of r lrus In different parts of the plant : 
A batch of C^, amaranticolor p lan ts was inoculated with 
the standard ex t rac t of Trianthema mosaic v i r u s . Fifteen days 
a f t e r inoculat ion p lan t s were uprooted careful ly taking precau-
t i o n t h a t no roots were l e f t in the s o i l . All the leaves , 
stems and roots were cut in to b i t s and homogenized separate ly 
in a mortar with pes t le a f t e r addi t ion of 0.1 M phosphate buffer 
pH 7,0 and 0.15^ sodium su lph i t e , using 1 ml of each per gram 
of infected t i s s u e . The sap was col lec ted from the pulp by 
squeezing through two layers of cheese c l o t h . Each sample was 
Inoculated to 3 p lan t s having 6 leaves each arranged in a l a t i n 
square design les ions were counted on the 5th day. 
Effect of pre and post-Inoculation darkening on the Infect iv i ty; 
For these s tud ies a batch of 15 p lan ts of C, amaranticolor 
of the same age and size were se lected and divided in to 5 groups 
of 3 p lan t s each. The f i r s t group of p lan ts was placed in a 
dark chamber. After 24 hr the I I group of p lants was a lso 
placed in the dark chamber and 24 hr l a t e r both the groups of 
p lan ts were removed from the dark chamber and placed on the glass 
house bench. These groups of p lants as well as p lan t s of the 
I I I , IV and V groups were inoculated with the standard ex t r ac t 
manually using carborundum as an ab ras ive . Jus t a f t e r inoculat ion, 
a l l p lan ts were washed with a gentle stream of water. Plants of 
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I and II groups and also ot the III group which was used as a 
control remained on the glass house bench. Plants of the IV 
and V groups were then placed in a dark chamber. Plants of the 
IV and V groups were removed from the dark chamber after A8 hr, 
respectively, and placed on glass house bench. Local lesions 
were counted 5-7 days after inoculation. 
Effect of duration between inoculation and washing of inoculated 
loaves en the infectivity : 
Standard extract was inoculated on a batch of 3 C* 
amaranticolor plants using carborundum as an abrasive and washed 
immediately after inoculation with a gentle stream of water. 
Three other batches of £. amaranticolor plants wei^ also 
inoculated with the standard extract. One batch was washed 
1 min and the other 5 min after inoculation, whereas the third 
was left unwashed. 
Preliminary studies on purification standardization of extraction 
procedure 
Effect of P H 
Infected tissue from tobacco plants inoculated 15 days 
earlier was harvested and homogenized in a mortar with pestle 
after addition of 4 ml of distilled water for each gram of 
infected tissue. Sap was expressed by squeezing the pulp 
through two layers of cheese cloth. It was divided into 6 equal 
parts and placed in beakers. pH of the samples was adjusted 
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to 5.0 and 6.0 by addi t ion of 0.1 M a c e t i c acid and to 7 .0 , 
8.0 and 9.0 by addi t ion of 0.1 M borate buffer pH 9 . 5 . After 
incubation of 1 and 5 h r s . a l iquo t s vrere taken from each sample 
and inoculated on to the leaves of C. amaranticolor . 3 p lan ts 
with 6 leaves each arranged in a l a t i n square design were used 
for inocula t ion . The experiment was rep l ica ted t h r i c e . 
Effect of various buffers at different PH leve l s on the 
Infect iv l ty: 
For these s tudies 0.1 M ace ta te buffer pH 4 . 5 , 5.0, 5.5 
and 6 .0 , 0.1 M phosphate buffer pH 6 .5 , 7 .0 , 7.5 and 8.0 and 0.1M 
borate buffer pH 8.0, 8 .5 , 9.0 and 9.5 were used. Lots of 
infected t i s sue were homogenized in buffers a t various pH 
l eve l s using 2 ml of the required buffer per gi^m of infected 
ma te r i a l . The homogenate was centrifuged a t 6,000 rpm for 10 
mln. The supernatant was used as inoculum. Each sample was 
inoculated to 3 t e s t p lants having 6 leaves each. Plants were 
arranged in an incomplete block des ign. Lesions were counted 
on the f i f t h day. Average of 3 experiments was included in the 
r e s u l t . 
Effect of various buffers at the same pH I tve l on the IniUctivityt 
In t h i s experiment d i f ferent buffers v i z . , 0.1 M a c e t a t e , 
0.1 M borate , 0.1 M c i t r a t e and 0,1 M phosphate buffers a t pH 
7.0 were used. Infected t i s sue from N. tabacum v a r . Harr ison 's 
Special p lan t s Inoculated 15 days e a r l i e r was harvested and 
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homogenized in various buffers already adjusted to pH 7.0, 
using 2 ml of the inquired buffer per gram of infected t i s s u e . 
The homogenate was centrifuged a t 6,000 rpm for 10 min. The 
-3 supernatant was used as inoculum. Each sample was di lu ted 10 
and inoculated on 3 ind ica to r p l a n t s . Lesions were counted on 
the 5th day. Average of three experiments was included in the 
r e s u l t s . 
Effect ot doob le -d ia t i l l ed water, sodium smlPhite. phosphate 
btiffer, phosphate buffer > sodium sa lph l t e and phosphate buffer •» 
•agaaeslqB ace ta te on the i n f e c t l v l t y : 
With a view for possible use in pur i f i ca t ion procedure 
the bes t medium for maintaining the i n f e c t i v i t y of the v i rus 
was inves t iga ted . Double d i s t i l l e d water, 0.1 M sodium su lph i t e , 
0.1 M phosphate buffer pH 7.0 + maganesium ace ta te was used 
for t h i s purpose. Infected t i s sue of tobacco p lants inoculated 
about 2 weeks e a r l i e r was divided in to 5 equal l o t s and each 
p a r t crushed in a mortar with pes t le a f t e r addi t ion of the 
above mentioned solut ions using 2 ml per g of t i s s u e . The 
homogenate was f i l t e r e d through two layers of cheese c lo th and 
centrifuged for 10 min a t 6,000 rpm. Each sample was d i lu ted 
10 and inoculated on 3 t e s t p l a n t s . Inoculat ion was done 
manually using carborundum 500 mesh as an ab ras ive . The p lants 
were washed with, a gentle streamof water soon a f t e r inoculat ion 
Local les ions were counted 6-7 days a f t e r inocu la t ion . 
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Effect of perceatage of sodina sulphi te iriaen lased with phosphate 
buffer on the Infect lYl ty : 
0 . 1 , 0,3 percent , 1 percent and 3 percent Na2S0, solut ions 
were prepared in d i s t i l l e d water. Infected t i s sue of tobacco 
p lan t s inoculated two weeks e a r l i e r were harvested and divided 
in to 3 l o t s . Each l o t was crushed in a mortar with a pes t l e 
a f t e r addi t ion of 1 ml of 0.1 M phosphate buffer pH 7.0 and 
1 ml of Na-SO, of required percentage per gram of t i s s u e . The 
sap was f i l t e r e d through two layers of cheese c lo th , and c e n t r i -
fuged a t 6,000 rpm for 10 min. Supernatant T«es inoculated 
manually on 3 p lants of Chenopodium amaranticolor« using the 
forefinger and carborundum (500 mesh) as an ab ras ive . Plants 
were washed immediately a f t e r inoculat ion with a gentle stream 
of water. Lesions were counted 6-7 days a f t e r inocu la t ion . 
Effect of Ionic s t rength of phosphate buffer oa i n f e c t l v i t y : 
Infected t i s s u e s of tobacco p lan t s inoculated about 2 
weeks e a r l i e r was harvested and divided in to equal l o t s . Each 
l o t of t i s sue was homogenized in a mortar with pes t l e a f t e r 
addi t ion of phosphate buffer pH 7.0 of d i f fe ren t ionic s t rength 
v i z . , 0.01M, 0.1M, 0.2M and 0.5M. The sap was f i l t e r e d through 
two layers of cheese cloth and centrifuged a t 6,000 rpm for 
10 min. The supernatant was used as inoculimi. Each sample was 
manually inoculated on a batch of 3 p lan ts of C. amaranticolor 
having 6 ful ly expanded leaves previously dusted with carborundum 
of 500 mesh. The inoculated leaves were washed soon a f t e r the 
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inocula t ion with a gentle stream of water. Local les ions were 
counted 6-7 days a f t e r inocula t ion . 
Clarif ication of extract 
Effect of orgfinic solvents on the in fec t i r i ty of virus : 
In t h i s experiment the e f fec t of chlorofonn^carbon 
t e t r ach lo r ide and n-butanol on the i n f e c t i v i t y of the v i rus was 
inves t iga ted , Jjifected t i s sue of tobacco p lants inoculated 
2 weeks e a r l i e r was divided in to 4 equal l o t s of 50 g each. 
The f i r s t l o t of infected t i s sue was homogenized for 2 min in 
a waring blender using 100 ml of 0.1M phosphate buffer pH 7*0. 
The homogenate was centrifuged for 10 min a t 6,000 rpm. The 
supernatant was inoculated to £ . amaranticolor p l a n t s . The 
second l o t of infected t i s sue was homogenized with 100 ml of 
0.1M phosphate buffer pH 7.0 and 50 ml of chloroform in a 
waring blender for 2 min. The emulsion was broken by c e n t r i -
fuging a t 6,000 rpm for 10 min. The upper aqueous phase was 
col lected with the help of an a s p i r a t o r and used in inocula t ing 
the C. amaranticolor p l a n t s . The th i rd l o t of infected t i s sue 
was homogenized with 100 ml of 0.1M phosphate buffer pH 7.0 
and 50 ml carbon t e t r ach lo r ide for 2 min in a waring blender . 
The homogenate was centrifuged for 10 min a t 6,000 rpm. The 
aqueous phase was col lec ted and used in inocula t ing C. 
amaranticolor p l a n t s . The fourth l o t of infected t i s sue was 
homogenized in a waring blender for 2 min with 100 ml 0.1M 
phosphate buffer pH 7 . 0 . Tte homogenate was centrifuged for 
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10 min a t 6,000 rpm. The supernatant was taken up. To t h i s 
supernatant l iqu id was added 50 ml of butanol and the mixture 
was shaken thoroughly for 5 min in a separat ing funnel. Three 
layers were formed, the upper layer of the organic solvent , 
the interphase containing cantaminating plant mater ia l and the 
lower aqueous phase. The acquous phase was col lected by opening 
the stop cock and inoculated to C^ , amaranticolor p l a n t s , All 
the 4 preparat ions were inoculated manually using Carborundum 
500 mesh as an ab ras ive . The p lan t s were washed with a gentle 
stream of water soon a f t e r inocula t ion . Local les ions were 
counted 6-7 days a f t e r inocula t ion . 
Purlficatlopi 
Ereezing aad thawing : 
Infected leaves of N. tabacum v a r . Harr ison 's Special 
inoculated 14 days e a r l i e r were harvested and kept in a poly-
thene bag a t -20 C for 24 h r . The mater ia l was then allowed 
to thaw a t room temperature and standard ex t r ac t was made from 
t h i s t i s s u e . Equal amount of t i s sue was harvested from 
N, tabacum v a r . Harr ison 's Special p lan t s inoculated 14 days 
e a r l i e r and standard ex t r ac t made from t h i s t i s s u e . Both the 
ex t rac t s were then assayed on C, amarant icolor . 
Salt precipitation : 
P rec ip i t a t ion of TrMV was attempted using ammonium 
su lpha te . Infected t i s sue (200g) was harvested from N. tabacum 
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v a r , Harr ison 's Special p lan ts inoculated 14 days e a r l i e r . The 
mater ia l was nacerated in a morter with pes t le a f t e r addi t ion 
of 0.1M phosphate buffer pH 7 . The macerate was passed through 
two layers of cheese c l o t h . The sap thus obtained was c e n t r i -
fuged for 10 min a t 6,000 rpm. Ammonium sulphate was added to 
the ex t r ac t to make a concentrat ion of 30 per cen t . Ammonitm 
sulphate was added slowly with continuous s t i i r i n g . The mixture 
was allowed t o stand for 4 h r . After t h i s period the mixture 
was centrifuged for 10 min a t 6,000 rpm. The p e l l e t was 
suspended in 0.1M phosphate buffer pH 7.0 and subjected t o a low 
speed cen t r i fuga t ion . The supernatant was assayed on 
C, amaranticolor . 
PrBclpitatlon of Tiros with polyethelene glycol 
P rec ip i t a t ion of TrMV was attempted using PEG. Infected 
t i s sue (200g) was harvested from N. tabacum v a r , Harr ison 's 
Special p lan ts inoculated 14 days e a r l i e r . The mater ia l was 
macerated ina jnor te r with pes t le a f t e r addi t ion .of 0.1M 
phosphate buffer pH 7 . 0 . The macerate was passed through two 
layers of cheese c l o t h . The sap thus obtained was centrifuged 
for 10 min a t 6,000 rpm. The supernatant was measured and 
divided Into 4 equal p a r t s . To a l l the 4 pa r t s 1 per cent NaCl 
was added. PEG (mol. wt. 6,000) was added to the a l l 4 pa r t s 
to br ing the concentrat ion of PEG 4 per cen t , 6 per cent , 8 per 
cent and 10 per cent r espec t ive ly . The so lu t ion was s t i r r e d 
continuously on a magnetic s t i r r e r for two h r . The p r ec ip i t a t e 
obtained in each case was suspended in standard buffer and 
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centrifuged a t 6,000 rpm for 10 min. The supernatant a f t e r 
d i l u t i n g i t with standard buffer to bring i t to the o r ig ina l 
volume was inoculated on C^, amaranticolor p l a n t s . 
Differantial centrlfagatlon : 
Ul t racentr i fugat ion of the preparat ion was performed in 
a Beckman L3-50 preparat ive u l t r acen t r i fuge . The f i r s t high 
speed run was done in a 30 ro tor a t 32,000 rpm and a l l subsequent 
high speed runs were performed in a 50 rotor a t A0,000 rpm. 
Low speed runs were performed in a Remi T-24. 
Penalty gradient centrlfttgation : 
The v i rus pur i f ied by d i f f e r e n t i a l cent r l fugat ion was 
l i ke ly to contain quan t i t i e s of f rac t ion 1 pro te in and ribosomal 
m a t e r i a l . These were removed by ra te zonal density gradient 
centr l fugat ion vWiich was carr ied out as described by Brakke 
(1958). Gradient column was prepared by layer ing 7, 7, 7 and 
4 ml of 40, 30, 20 and 10 per cent sucrose in 0.1M phosphate 
buffer pH 7.0 in 1 X 3 in ce l lu lose n i t r a t e tubes . Gradient 
columns thus prepared were placed i n a cold room u n t i l used the 
following days. 5 ml of p a r t i a l l y pur i f ied v i rus suspension 
was centrifuged for 3-4 hr a t 24,000 rpm in Sw 25.1 r o t o r . 
After centr l fugat ion the tubes were examined in a dark room 
by projec t ing a s t rong beam of l i g h t from the top of the tube . 
Material from l i g h t s ca t t e r ing zone was removed from the density 
gradient tube with the help of a needle bent twice a t r igh t 
angles and attached to a hypodermic syr inge . 
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ULTRAVIOLET ABSORPTIOH SPECTRUM 
P a r t i a l l y pur i f ied v i rus preparat ions obtained a f t e r 
d i f f e r e n t i a l centr i fugat ion were scanned in SP8-100 JFye lAiicaai 
UV/visible Spectrophotometer, Absorption (A) of samples was 
recorded in UV range (220 nm to 320 nm). Correction for l i gh t 
s ca t t e r i ng , however, was not done. Values of A min/A max, 
A260/A280 were calculated to know the approximate percentage 
of nucleic acid by comparing the data with standard graph 
(Gibbs and Harrison, 1976). 
EI£CTRON MICROSCOPY 
Dip preparat ions were prepared s l i c i n g a leaf of 
N, tabacum v a r , Harr i son ' s Special exh ib i t ing t3rpical symptoms 
with a sharp knife and dipping the cut edge in neu t ra l 0,1M 
phosphate buffer pH 7 . The specimen was prepared by placing a 
small droplet from the suspension on a former coated copper 
grid to which was added a drop of 2% PIA (potassium phospho-
tungs t ic acid adjusted t o pH 7 ) , After 2 minutes the f lu id 
was sucked off with the help of f i l t e r paper and the grid 
examined in a Phi l ips M 420 e lec t ron microscope. Similar ly 
specimen was prepared from pur i f ied v i rus preparat ions and 
negatively stained with neut ra l potassium phosphotungstic 
acid (PTA). The specimen was then examined in a e l ec t ron 
microscope. Magnification was noted and a number of photo-
graphs were taken. 
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Srolofflr ; 
One year old albino r abb i t was used to prepare antiserum 
agains t TrMV, Purified v i rus preparat ion obtained a f t e r d i f f e -
r e n t i a l centr i fugat ion was used as ant igen for immunization of 
r a b b i t . One ml of v i rus suspension was injected in marginal 
ve in of the r a b b i t . This was followed by two more intraveinous 
in jec t ions of 2 ml each a t weekly i n t e r v a l s . This was followed 
by two intramuscular in jec t ions of virtis suspension emulsified 
with equal amount of incomplete Freund's adjuvant. The i n t r a -
muscular in jec t ions were given a t i n t e rva l s of 2 weeks. Samples 
were col lec ted a f t e r 2 weeks of l a s t intramuscular i n j ec t i on . 
Serw col lect ion and storage : 
Rabbits were fasted for 12 hr p r i o r to bleeding. A 
small cut was made in the marginal vein of the ear d i r ec t i ng 
pinna towards ground. About 20 ml of blood was co l l ec t ed . 
Blood samples were allowed to coagulate for 2 hr a t room tempe-
ra ture and then placed in a r e f r i g i r a t o r . Next day serum was 
decanted and subjected t o low speed cen t r i fuga t ion . Straw 
colored l iqu id was co l l ec ted . This antiserum was tes ted agains t 
pur i f ied v i rus and l a t e r stored in a r e f r i ge ra to r a f t e r addi t ion 
of equal amount of g lycer ine . 
Serological teste : 
Tube p rec ip i t ion t e s t , chloroplas t agglu t ina t ion t e s t 
and ouchterlony double diffusion t e s t s were made to study 
ant igen antibody reac t ion . 
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Tube precipit in t e s t ; 
Tube p r e c i p i t i n t e s t s were performed in small glass tubes 
iPyrex)» Standard ext rac ted was subjected to low speed c e n t r i -
fugat ion. Supernatant was used as an t igen . Two fold d i lu t ions 
of antiserum was prepared with normal sa l ine where as two fold 
d i l u t i o n of antigen was made with d i s t i l l e d water. One ml of 
each reactant was p ipe t ted in to the tube and the contents mixed 
and incubated a t 37**C in a water bath for 2 h . 
Chloroplast agglutination t e s t : 
Chloroplast agglu t ina t ion t e s t was performed as described 
by Van Slogteren (1955). In t h i s t e s t , 5 drops of d i lu ted 
antiserum was mixed with 2 drops of crude infected plant sap on 
a microscope s l i d e . Observation for clumping reac t ion was made 
under microscope. 
Agaivgel double diffusion t e s t : 
Agar^gel double diffusion t e s t s were performed using the 
method of ouchterlony (1962) one per cent agarose prepared in 
0.01M phosphate buffer pH 7 containing 0.859^ sodium chloride 
(phosphate buffered s a l i n e ) . Tests were performed in s t e r i l i z e d 
dispensable p e t r i d i s h e s , A ^ r was flooded in the dishes so as 
make a bed about 3 mm t h i c k . Holes having a diameter of 4 mm 
were punched with the help of a cork borer . A cen t ra l well 
surroimded by six wells were punched in the agar and the agar 
so cut out removed with the help, of an a s p i r a t o r . The distance 
between the walls of the wells was 4 mm. T ^ ^ J r gel p l a t e s 
/3<acT^ 
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were than incubated in a humid chamber a t room temperature and 
observed a f t e r 24 and 48 h r . The time of appearance of the 
p r e c i p i t i n bands and the in t ens i ty were recorded. 
Several two fold d i lu t ions of both antiserum and ant igen 
were prepared using 0.853'i sa l ine and phosphate buffer sa l ine 
(PBS), r espec t ive ly . The d i lu t i on end point of homologous 
antiserum and antigen were determined in immionodiffusion t e s t 
by employing seven-welled ouchterlony double diffusion pa t t e rn 
as de ta i l ed above. 
Serological r e la t ionsh ip ; 
Serological r e l a t ionsh ip of TrMV was tes ted with an t i se ra 
to d i f fe ren t rod shaped v i ruses v i z . potato v i rus X, potato 
v i rus S, pea s t reak v i rus and tobacco mosaic v i rus obtained 
frcwa virology laboratory of National Botanical Research I n s t i t u t e , 
Lucknow, employing Ouchterlony double diffusion t e s t s in 
p e t r i d i s h e s . 
CHilPTBR - I ? 
HDST BANGS AND STMPTOMATPLOQY 
Infected Trlantheaa portulacastrum plan ts growing as 
mfsed in f ie lds or on the roadside exhibi ted vein c lea r ing , 
prominent mosaic, yellowing and dark green b l i s t e r l ike patches 
on the l eaves . Leaves showed d i f fe ren t s tages of reduction of 
lamina. On mannual sap inoculat ion to T^, portulacastrum severe 
symptoms were evoked. Plants showed a l l the symptoms which were 
seen on the na tu ra l ly infected p l a n t s . Manual sap inoculat ion 
on T, portulacastrum resul ted in 100 percent in fec t ion . 
An experimental host range of the v i rus was inves t iga ted . 
164 species and cu l t i va r s of p lants d i s t r i bu t ed in 30 families 
were inoculated with the i s o l a t e of Trianthema mosaic v i rus 
(TIWY), Inoculations were done a t d i f fe ren t times of the year 
to determine seasonal va r i a t ions in the host response, Back 
inoculat ion from a l l the inoculated p lan ts were made on 
Chenopodium amaranticolor to check the presence of the v i rus in 
p lan ts showing symptoms and to a s c e r t a i n whether any of those 
p lan ts not exhib i t ing any symptom i s a c a r r i e r . The r e s u l t s 
are summarized in Table 1. Three p lan t s of each species were 
inoculated in each experiment. The experiment was done both in 
summer and winter. 
Table 1: Host range of Trianthema mosaic v i r u s . 
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Peristrophe b ica lvcula ta 
Nees. 
Amaranthaceae 
Acbyranthes aspera L, 
Amaranthus g r a c i l i s Derr, 
Gomphirena globosa L. 
Balsaminaceae 
liapatiens balsamina L. 
VC,Mos.LS,LD,S 
VC, MMOS, S . 
VC, MMOS, S . 




VC, LD, S, LC 
Chenopodiaceae 
Chenopodium amaranticolor 
Ceste & Reyn, 
C. albtaa L. 
C. Burale L. 
Spinacia oleracea L. 
A i z ^ e a e (Flcoideae) 






S, Lb, LC 
VC, MOS, S 
Labiatae 
Salvia o f f i c i n a l i s L. 
Leguminosae 
Dolichos lablab L, 
Cassia occ identa l i s L. 
VC, MOS, LD, S > 
VC, MOS, ID + 
VC, MOS, LC, S + 
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VC, MOS, STF, S + 
VC, MMOS, LD, S • 
VC, MOS, S + 
Solanaceae 
Capsicxm annuum L« -
Datura metel L. 
Lvcopersicon lycopersicxjp 
VL; Karsten. 
Nicotiana ja^ lutinosa L. + 
Nicotiana clevelandii Gray. 
Nicotiana jglutinosa L. 
N. plumbaginifolia Vir. 
N. sanderae Sander. 
N, tabacum L, cv. Anand 
N. tabacum L, cv. Bhopali 
N. tabacum L, cv. GT4 
N. tabacum L, Harrison's Special -
N. tabacum L. NP 37 
N. tabacum L. Sumsun NN -
N, tabacum L. tabacum cv. -
Turkish Xanthi 
N. tabacxan L, cv. Hurley -
Petunia hybrida Yilm. 
Physalis peruviana L. -
Splanum nigrum L. -
VC = Vein c lear ing; MOS = Mosaic, LS = Leaf s tunt ing 
LD » Leaf deformation, S - Stunting, MMOS = Mosaic mott l ing; 
YY » Vein yellowing, LC = Leaf cur l ing; Lb = Leaf banding, 
STF = Shoe-string formation, DF = Dis tor t ion of flower, 
- = no symptoms and no recovery of v i rus on back inocula t ion . 


















MOS, S, LD 
MMOS, S, ID 
MOS, DC, S 
MOS, SL, S 
MOS, LD, DF, 
MMOS, S 
MOS, S, C 
VC, MMOS,S.C. 
MMOS, LD, S. 
MMOS, LD, S. 
MOS, S 
MOS, S 
VY, MMOS, S 
MOS, LD, S 
VC,MOS,LC,S 


















Out of 164 p lan t species and c u l t i v a r s d i s t r ibu ted in 
30 families t e s ted , v i s i b l e symptoms were evoked on 33 species 
and v i rus infected these sys temical ly . Local les ions charac-
t e r i s t i c of the v i rus >iere produced when back inoculat ion from 
these p lan ts \*ere made on C. amaranticolor . These species are 
hosts of the v i r u s . 
The v i rus caused loca l les ions on 4 species v i z . , 
Chenopodium amaranticolor Coste-Reyn., C, album L., C. ambrosioides 
L and C, murale L, These p lan ts species are infected the v i rus 
does not become systemic in them and no v i rus could be recovered 
when back inoculat ion was done on C, amaranticolor, from 
uninoculated leaves of these p l a n t s . Discrete loca l les ions are 
formed on C. amaranticolor in 5-6 days. These are e a s i l y 
countable . C. amaranticolor i s a su i t ab le loca l l e s ion host for 
assay for the v i r u s . Local les ions evoked a l so on Nicotiana 
glut inosa and systemic invasion followed. 
No S3rmptoms were evoked and no v i rus could be recovered 
on back inoculat ion to C. amaranticolor from the species v i z . , 
Abutilon indictm L., Adhatoda vesica Nees., Ageratum conyzoides L, 
Allium cepa. A. sativum. Alocasia indica Schot t . , Althea rosea 
Cav., AllvssuM s p . , Ammi ma .jus L,, Ana/agilis arvensis L., 
Antigonon leptopus Hook & Am. , Antirrhinum ma.lus L., Argemone 
mexicana L., A. ocbroleuca Sweet., Asphodelus t enu i fo l ius L., 
Astejr amellus L., Benincasa hispida (Thunb) Cogn., Beta vu lga r i s L. 
Brassica campestris L., v a r i e t i e s T11, Pusa k ran t i , Varuna, 
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Pusa kisan. Brasslea oleracea L., va r , cap i t a t a , B, rapa L., 
Cajaniis cajan (L,) M i l l . , Calendula o f f i c i n a l i s L., Carica 
papaya L.« Celosia c r i s t a t a L., Cicer arietinum L., C i t ru l lu s 
vu lga r i s Schrad., Clarkia eleia:ans L,, Coccinia indica Wight & 
Arn., Cole us bleumi Benthus., Chrysanthemum sinense Sabine. , 
Convolvulus arvensis L,, Crotolar ia .juncea L., Croton 
bonplandianum B o i l l . . Cucumis melo L.. C, sa t ivus L.. Cucurbita 
pepo L,, C. maxima Duch., Daucus carota L,, Delphinium a.jacis L., 
Delomix regia (Bo;)) Raf,, Diaanthus caryophvllus L., D . l a t i f o l i u s 
Wild., Ecl ipta alba L.. Eschscholzia c a l i f o m i c a Cham.. 
Euphorbia h i r t a L., E. pulcherima Willd. , Helianthus annuus L., 
Hibiscus cannabinus L., H, esculentus L., Lagenaria leucantha 
(Duch) Rusby., var Long, Pocha's long white, L. s i c e r a r i a S tandi . , 
Launaea asp len i fo l ia Hook., Lathyrus aphaca L., Leucas cephalotes 
Spreng., Linum usitatissimum L., Luffa acutangula L., L. 
cyl indr ica M.J«Roem., Tberis amara L., Indigofera h i r su ta L., 
Ipomoea batatus (L,) Lamk, I^ , hispida (Vahl.) Poem, I^ , n i l (L,) 
Rotts , I^ . palmata Fbrak; Impatiens balsamina L., Mangifera 
indica L., Malvastrum tricuspidatum A. Gray., >felilotus alba 
Desr. , Mentha v i r i d i s L,, Mimosa pudica L., Mirabi l is .jalapa. 
Momordica charantia L., Nasturtium s p . , Piapaver o r i en ta l e L., 
P. somniferua L., Phaseolus aureus Roxb,, P, lunatus L., 
P. mango L., P. vu lgar i s L., Pisua sativum L., Phlox drummondii 
Hook., Pennisetum tvphoides (Bum.) Stapt & Hubbard., Portulaca 
grandiflora Hook., P. oleracea L., Raphanus sa t ivus cvs . 
Chinese Rose, Chinese White, Early Scar le t Globe, French 
Breakfast, Japanese Long, Jaunpuri, Long Chinese, Long Scar le t , 
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Long white, Nepali Giant, Punjabi, Pusa Rashmi, Rajasthani 
Sutton long white, Sutton Scarlet Globe.; Ricinus cummunis L,, 
Rue Ilia tuberosa Kurz., Saponaria vaccaria L., Sida acuta Burm., 
S, cordifolia L,, Solanum triquetrum Car., S,. tuberosum L., 
Sonchus asper Hill., Sorghum vulgare Pers.. Tagetes erecta L», 
TamarIndus indica L., Tephrosia purpurea L., Trichosanthes 
anguina L., Trifolium pratense L., Trlticum aestivum L., 
Urena lobata L., Verbena hybrida Voss., Vernonia cineria L,, 
Vicia faba L,, V, sativa L., Vigna sinensis (L,) Savi., Viola 
odorata L,, Y_, tricolor L., Vitis vinifera L., Withania somnifera 
L, (Dun.), Xanthium strumarium L., Zea mays L., Zingiber 
officinale Ros Cose., Zinnia elegans Jacq. 
CHkPTSR - V 
TRANSMISSION STUDIES 
SAP : 
The d i sease could be t r a n s m i t t e d e a s i l y by sap us ing 
inoculxM prepared i n e x t r a c t i o n buf fe r (EB) from Trianthema t o 
Trianthema and o t h e r s u s c e p t i b l e h o s t s . 
APHIDS : 
Aphids fabae« Scop; A, g o s s y p i i Glov. , Brevicoryne 
b r a s s i c a e L. , Myzus p e r s i c a e S u l z , and Macrosiphone11a s p . 
were used i n t h i s s t u d y . TrMV vras not t r a n s m i t t e d by any of 
t he se s p e c i e s , 
SOIL; 
Trianthema mosaic virus i(*as not transmitted through soil 
in any of the experiments perfonned with soil collected from 
around naturally infected plants of T. portulacastrum in the 
field. 
DODDBR : 
Only one s p e c i e s of dodder Cuscuta r e f l e x a was used i n 
these s t u d i e s £ . r e f l e x a f a i l e d t o t r a n s m i t t h i s v i r u s . 
GRAFT TRANSMISSION : 
In a l l cases where the g r a f t was s u c c e s s f u l , symptoms 
t y p i c a l of the v i r u s appeared on the new emerging l eaves about 
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3 weeks a f t e r the graf t uuilon. This was a l so found to be 
successful method of v i rus t ransmission. Table 2 shows the 
r e s u l t s of these experiments. 
Table 2: Transmission of Trianthema mosaic v i rus by g ra f t ing . 
Replicate Plants No .of successful No .of p lan t s Incubation 























Nicotiana tabacum vars Harr ison 's spec ia l , Samsun N N, 
white hurley plants raised using seeds obtained from TrMV 
infected p lants of the same species did not show any s3nnptom 
when grown under insec t p2?oof condit ion in containers of 
s t e r i l i z e d s o i l . However, Trianthema portulacastrum plan ts 
raised fix)m seeds of infected p lants were found showing typ ica l 
symtoms of TrMV. 
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Table 3 : Seed transmission of Trianthema mosaic v i rus 







Nicotiana tabacum var, 
Iferrison's Special 
N. tabacum va r , 
Samsun NN 














Results presented in Table 3 indicated tha t TrMV is 
t ransmiss ible through seeds of Infected Trianthema p lan t s to 
the extent of 11 per cen t . Random se lec t ion of 10 p lan ts of 
each species Ifeirrison's Special , Samsun NN and white burley 
not showing apparent symtoms was made and S E prepared from 
them was tes ted for the presence of v i rus on assay host but 
the viriis could not be recovered in any of the above p lants 
grown from infected seeds . 
CHAPTER - YI 
BIO-PHYSICAL PROPERTIES 
I t i s d e s i r a b l e t o s tudy the p h y s i c a l p r o p e r t i e s of a 
v i r u s i n p l a n t sap before an a t t empt i s made t o pu r i fy i t and 
s tudy i t s phys ico-chemica l p r o p e r t i e s . Tests t o determine 
the thermal i n a c t i v a t i o n p o i n t , d i l u t i o n end p o i n t and longev i ty 
i n v i t r o , were conducted to determine the s t a b i l i t y of v i r u s 
i n s a p . Although these s t u d i e s have a r e s t r i c t e d va lue (Ross, 
1964) these a re of importance i n de te rmin ing the procedure for 
the p u r i f i c a t i o n of the v i r u s , 
Themal i n a c t i v a t i o n point : 
In crude s a p , Trianthema mosaic v i r u s was s t i l l a c t i v e 
a f t e r be ing heated f o r 10 min a t 60°C bu t was i n a c t i v a t e d a t 
65*^0 (Table 4 ) , 
Table 4 : Ihermal i n a c t i v a t i o n p o i n t of TrMV 








* 6 i r a ^ s ! ^ ^ ''"'^^^' ^'"^^ ^ - • ^ " ' ^ ^ ^ " t i c o l o r p l a n t s each having 
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Dilution end point : 
The virus in crude sap was found to be active at a dilution 
-3 -k . 
of 10 but lost infectivity at a dilution of 10 (l^ ble 5). 
T&ble ^% Dilution end point of Trianthema mosaic virus 






Average of 3 t r i a l s wi th 3 C, a m a r a n t i c o l o r p l a n t s each having 
6 l e a v e s . 
Lon/agvitv i n v i t r o : 
The v i r u s i n crude sap was s t o r e d a t room tempera ture 
(20-25°C) and was found to have a l o n g e v i t y i n v i t r o of 84 h 
(T&ble 6 ) . 
Table 6 : Longevity i n v i t r o of Trianthema mosaic v i r u s when 
s t o r e d a t room temp, (20-25 C) 









*Average of 3 t r i a l s wi th 3 Chenopodium a m a r a n t i c o l o r p l a n t s each 
having 6 l e a v e s . 
CHAPTER - VII 
CONCENTRATION OF VIRUS IN PLANTS AT DIFFERENT TIMES AFTER 
MECHANICAL INOCUUTION AND ITS DISTRIBUTION IN DIFFERENT 
PARTS OF THE PLANT 
Concentration of v i r u s In Nlcotlana tabacum c v . Harrison's 
s p e c i a l a t d i f f eren t times a f t e r inocu la t ion : 
The time a t which infected t i s sue i s harvested should 
be so chosen as to maximize the s t a r t i n g concentrat ion of 
infect ious v i r u s . For many vi ruses concentrat ion r i s e s to a 
peak a f t e r a c e r t a in period and then f a l l s r a p i d l y . To determine 
the time a f t e r mechanical inoculat ion of Nlcotlana tabacum v a r . 
Harr ison 's Special p l a n t s , of the v i rus a t t a i n i n g the highest 
concentrat ion t i s sue from tobacco a t i n t e rva l s of 2 days a f t e r 
mechanical inoculat ion, was harvested and assayed. Fig, shows 
t h a t TrMV at ta ined the highest concentrat ion 14 days a f t e r 
inocula t ion . The concentration decreased gradually the rea f t e r 
and even a f t e r 22 days p lants contained high concentrat ion as 
indicated by i n f e c t i v i t y t e s t s . 
Distribution of virus in different parts of the plant : 
The d i s t r i b u t i o n of v i ruses within the plant i s uneven. 
I t i s worth while to used only those pa r t s having a high 
concentration and discard other p a r t s , Nlcotlana tabacum va r , 
Harr ison 's Special p lan t s inoculated manually 14 days e a r l i e r 
were used. Sap from leaf, stem and root t i s sue was assayed. 
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Table 7 shows tha t the highest concentrat ion of TrMV i s a t ta ined 
in the leaves of inoculated tobacco p l a n t s . Stem and root have 
uniformly a low concentrat ion of v i r u s . 
Table 7: Concentration of Trianthema mosaic v i rus in 
Nicotiana tabacum cv. Harr ison 's spec ia l p lan t 
14 days a f t e r mechanical inoculat ion 




* Average of 3 t r i a l s with 3 p lants each having 6 leaves 
CHAPTER - V I I I 
STANDARDIZATION OF LOCAL LESION HOST FDR VIRUS ASSAY 
Out of a l l the p l a n t s used only 4 evoked l o c a l l e s i o n s 
v i z Chenopodium a m a r a n t i c o l o r , C, album, C. murale and 
Nico t iana g l u t i n o s a . The number of l e s i o n s on i n o c u l a t e d 
l e aves of C, album and C^ . murale were few i n number. Both 
C, a m a r a n t i c o l o r and N. g l u t i n o s a were found s u i t a b l e l o c a l 
l e s i o n hos t s but the a v a i l a b i l i t y of seeds and the f a c t t h a t 
s ix i n o c u l a b l e l eaves were ob ta ined i n a s h o r t e r time on 
^ , a m a r a n t i c o l o r , t hus C, amaran t i co lo r p l a n t s was r o u t i n e l y 
used a s an assay h o s t i n a l l s t u d i e s . The l e s i o n s evoked were 
c l e a r c u t , c o n s i s t e n t d i s c r e t e and e a s i l y c o u n t a b l e . 
Effec t o f duration between inoctt lat ion and washing on the 
infect lYJty 
Nicotiana tabacum cv. Harr ison 's Special p lants 
manually inoculated with sap from infected p lants were washed 
with a gentle stream of water a t d i f fe ren t i n t e rva l s a f t e r 
inocula t ion . I t i s evident from table 8 t ha t the number of 
loca l les ions decreased as the durat ion between inoculat ion 
and washing increased. Highest number of les ions were formed 
in p lan t s which were washed immediately a f t e r inocula t ion . In 
those p lants which were l e f t unwashed the number of les ions 
were considerably reduced. Even a delay of as short a period 
as 1 min af fec t the number of loca l les ions markedly. 
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Table 8: Effect of duration between inoculat ion and washing 
on the production of loca l les ions on Chenopodium 
amaranticolor a f t e r mannual inoculat ion by 
Trianthema mosaic v i r u s . 
Duration between Number of loca l 
inoculat ion and l es ion / l ea f* 
washing 
Zero mln 250 
1 min 205 
5 min 135 
Unwashed 97 
* Average of 3 t r i a l s with 3 p lants each having 6 l eaves . 
EffiBOt of pre-and post-inoculation darkening on the production 
of local lesions : 
To determine the most favourable conditions for the 
production of loca l les ions plants were placed for c e r t a in 
periods in a dark chamber before and a f t e r inocula t ion . I t 
i s evident from tab le 9 tha t pre- inocula t ion darkening of 
p lan ts for 48 hr and post inoculat ion darkening for 24 hr 
increase the number of les ions produced. Hence, p r e -
Inoculat ion darkening of the p lants was employed in assay . 
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Table 9: Effect of pre-and pos t - inocula t ion darkening on 
the production of loca l les ions on Chenopodium 
amaranticolor a f t e r manual inoculat ion by TrMV 
Time in hr of pre-and post Number of l e s ions / l ea f 
inoculat ion darkening 
Pre- inoculat ion 24 hr 200 
48 hr 259 
Post- inoculat ion 24 hr 243 
48 hr 195 
Plants kept under 156 
normal conditions 
• Average of 3 trials with 3 plants each having 6 leaves 
CHAFER - IX 
PRELIMIMRY STUDIES ON PURIFICATION 
Effec t of pH : 
Sap from N . T . v a r . H a r r i s o n ' s S p e c i a l p l a n t s i nocu l a t ed 
15 days e a r l i e r was ad jus t ed t o d i f f e r e n t pH l e v e l s and 
i nocu l a t ed 1 and 5 hr a f t e r adjus tment of pH. Table 10 shows 
the r e s u l t s of i n f e c t i v i t y a s s a y . I t i s e v i d e n t t h a t pH 7 .0 
i s the most s u i t a b l e pH f o r ma in t a in ing the i n f e c t i v i t y of 
TrMV, Even a f t e r an i n c u b a t i o n per iod of 5 hr good i n f e c t i v i t y 
was r e t a i n e d a t pH 7 . 0 . 
Table 10: Ef fec t of pH on the i n f e c t i v i t y of Trianthema 
mosaic v i r u s . 
Nxmber of l o c a l l e s i o n s / l e a f a t the 
pH i n d i c a t e d p e r i o d a f t e r adjus tment of 
pH» 
1 hr 5 hr 
5.0 200 145 
6.0 271 235 
7.0 305 285 
8.0 280 215 
9.0 205 111 
Average of 3 trials with 3 plants having 6 leaves each 
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Ef fec t o f Tarlous buffers a t d i f f e r e n t pH l e v e l s on the 
I n f e c t l v i t y z 
The e f f e c t s of d i f f e r e n t bu f fe r s a t v a r i o u s pH l e v e l s 
on the i n f e c t i v i t y of TrMV was compared, 0.1M phosphate buf fe r 
pH 7 ,0 was found t o be the most s u i t a b l e medium fo r homogenizing 
the i n f e c t e d t i s s u e s a s h i g h e s t i n f e c t i v i t y was found with 
t h i s b u f f e r (Table 1 1 ) . With i n c r e a s i n g pH of t h i s bu f f e r 
i n f e c t i v i t y was reduced c o r r e s p o n d i n g l y . 0.1M bora t e buf fe r 
a t pH 8 ,0 to 9 .5 was d e t e r i o u s t o the v i r u s . 0,1M a c e t a t e 
and O.IM c i t r a t e bu f f e r s were a l s o found u n s u i t a b l e . 
Table 1 1 : Ef fec t of v a r i o u s bu f fe r s a t d i f f e r e n t pH l e v e l 
on the i n f e c t i v i t y of Trianthema mosaic v i r u s 
Buffer pH Number of l o c a l l e s i o n s / l e a f 




0.1M phosphate 6 ,5 290 
7 .0 319 
7 . 5 201 
8,0 115 
0,1 M bo ra t e 8 ,0 70 
8 ,5 83 
9 ,0 98 
9 . 5 30 
0.1 M c i t r a t e 5 ,5 81 
6,0 83 
6 .5 117 
. 7 .0 137 
* Average of 3 t r i a l s wi th 3 p l a n t s having 6 l eaves 
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Effect of various buffers at pH 7«0 on the Infect iv l ty; 
In the e a r l i e r experiment highest i n f ec t i v i t y was obtained 
a t pH 7 . 0 . This experiment was performed to find out in which 
pH 7.0 buffer, out of several used, highest i n f ec t i v i t y was 
maintained. Different buffers having the same ionic s t rength , 
i . e . 0.01M were adjusted to pH 7.0 and used in homogenizing 
infected t i s sue from Nicotiana tabacum cv. Pferrison's Special 
p lants inoculated 15 days e a r l i e r . I t was found t h a t phosphate 
buffer i s the most su i tab le one among them (l^ble 12) . 
Table 12: Effect of various buffers of the same ionic s t rength 
a t pH 7.0 on the i n f e c t i v i t y of Trianthema mosaic 
v i rus 
Buffers Number of loca l l e s i ons / l e a f 
Acetate 250 
Borate 36 
Ci t ra te 142 
Phosphate 306 
* The ionic s t rength of the buffer was 0,01 M 
** Average of 3 t r i a l s with 3 p lan t s each having 6 leaves . 
Effect of double d i s t i l l e d water, sodium sulphite, phosphate 
buffer. Phosphate buffer -^  sodium sulphite, buffer •>• magnesium 
acetate on the Infect lv l tv ; 
Effect of double d i s t i l l e d water, sodixim sulphi te and 
phosphate buffer alone and in combination with sodium sulphi te 
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and magnesium a c e t a t e on the i n f e c t i v i t y of TrMY was i n v e s t i -
g a t e d . Table 13 shows t h a t phosphate buf fe r + 0,1 pe r cen t 
sodium s u l p h i t e p rov ides the most s u i t a b l e medium f o r homogeniz-
ing the i n f ec t ed t i s s u e a s h i g h e s t i n f e c t i v i t y was found i n 
t h i s c a s e . 
Table 1 3 : E f f ec t of double d i s t i l l e d wa te r , 0 .3 p e r c e n t 
sodium s u l p h a t e , 0.1M phosphate bu f f e r , 0.1M 
phosphate b u f f e r -•• 0,1 p e r c e n t sodium s u l p h i t e 
and 0.1M phosphate bu f f e r + O.OIM magnesium 
a c e t a t e on the i n f e c t i v i t y of Trianthema mosaic 
v i r u s 
„ _^, Number of l o c a l 
Medium l e s i o n s / l e a f * 
1 . Double d i s t i l l e d water 130 
2 . 0 ,1 p e r cen t sodium s u l p h i t e 169 
3 . 0.1M phosphate bu f f e r 202 
4 . 0,1M phosphate b u f f e r • 0.1 Si sodium 
s u l p h i t e 219 
5. 0.1M phosphate b u f f e r + O.OIM magnesium 
a c e t a t e 160 
• Average of 3 t r i a l s wi th 3 p l a n t s of Ghenopodium 
amaran t i co lo r each having 6 l e a v e s . 
Effec t o f d i f f e r e n t percentages of sodium sulphi te when used 
with 0.1M phosphate buffer on the i n f e c t i v i t y : 
As sodium s u l p h i t e was found to enhance the i n f e c t i v i t y 
o f TrMV, d i f f e r e n t pe rcen tages of sodium s u l p h i t e were used wi th 
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0.1M phosphate buffer to determine the most appropriate 
percentage for maintaining the i n f e c t i v i t y of TrMV. 0.1 
per cent sodiian sulphi te was found most su i table as compared 
to 0.3 per cent, 1,0 per cent and 3.0 per cent (Table 14) . 
Table 14: Effect of d i f fe ren t percentage of sodium sulphi te 
when used with 0.1M phosphate buffer on the 
in fec t iv i ty of TrMV 
Percentage of sodium Number of loca l l e s ion / 





• Average of 3 t r i a l s with 3 p l an t s , each having 6 l eaves . 
Effect of loHJc strength : 
Ionic s t rength plays an important role in the preserva-
t ion of i n f e c t i v i t y . Some vi ruses are disrupted in media of 
ionic s t rength below 0,2 M, while others are unstable above 
t h i s molarity (Streere ,1964) . As phosphate buffer pH 7.0 
was found to be a su i tab le mediiam for preservat ion of v i rus 
i n f ec t i v i t y in e a r l i e r experiments, the best ionic s t rength 
of the buffer for maintaining i n f e c t i v i t y was inves t iga ted . 
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I t i s evident from Tfeible 15 tha t highest number of loca l 
les ions are obtained when 0.01M phosphate buffer pH 7.0 i s 
used. 
Table 15: Effect of ionic s t rength of phosphate buffer pH 
7,0 on the i n f ec t i v i t y of TrMV 
Ionic s t rength Number of local l e s i o n s / 
leaf* 
0.01 M 243 
0.1 M 225 
0.2 M 213 
0.5 M 115 
• Average of 3 t r i a l s with 3 p lants having 6 leaves each. 
Though highest i n f ec t i v i t y v>ras obtained with 0.01M 
phosphate buffer pH 7.0 but i t was not re ta ined for long a t 
t h i s ionic s t r eng th . Preparations obtained with 0.1 M 
buffer re tained i n f e c t i v i t y for a much longer per iod . This 
became a l imi t ing factor in the use of O.OIM buffer and 
phosphate buffer with the ionic s t rength 0.1M was used in 
a l l experiments. 
CHAPTER - X 
PURIFICATION 
A pre - requ i s i t e for determining the i n t r i n s i c proper t ies 
of a v i r u s , i s i t s a v a i l a b i l i t y in a reasonably pure s t a t e . 
Iden t i f i ca t ion of v i rus p a r t i c l e s and cor re la t ion of i n fec t iv i ty 
with such p a r t i c l e s i s possible in preparat ions whose fr'eedom 
from contaminants i s e s t ab l i shed . Removal of host cons t i tuents 
and normal p lan t prote ins without loss and inac t iva t ion of v i r u s , 
i s often a d i f f i c u l t task and could not be overcome in some 
cases insp i te of vigorous e f f o r t s . 
This chapter concerns with the pur i f i ca t ion of Trianthema 
mosaic v i r u s , the various procedures employed in attempts to 
purify TrMV are summarised and the f ina l ly adopted procedure i s 
described. 
Propert ies of v i r u s , natxjire of host and several other 
factors render the pur i f i ca t ion of a l l v i ruses unlikely with a 
s ingle procedure. There i s no universa l ly applicable procedure 
and d i f ferent methods have worked with varying effect iveness in 
purifying di f ferent v i r u s e s . In e f fo r t s to purify TrMV several 
procedures were employed which are described and evaluated. 
Extraction Procedure : 
Infected t i s sue from Nicotiana tabacum var , Ebrr ison 's 
Special inoculated 14 days e a r l i e r was homogenized in a waring 
blender using 0,1 M phosphate buffer pH 7.0 and 0,1 per cent 
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sodium su lph i t e . 2 ml of the mixtui*e was used for each g of 
p lan t t i s s u e . The homogenate was expressed through 2 layers of 
cheese c lo th . The ex t r ac t was then centrifuged for 10 min a t 
6,000 rpm. The p e l l e t was discarded and the supernatant used as 
s t a r t i n g mater ia l for pu r i f i c a t i on . 
Clarification 
Organic Solvents : 
Crude ex t r ac t s contain along with the v i r u s , c e l l cons-
t i t u e n t s , f ract ion p ro te ins , and several o ther contaminants. 
I t i s worth while to subject the ex t r ac t to some treatment to 
get r id off the undesirable contaminants. Organic solvents 
have been used in several cases , which along with c e l l debris 
are then eas i ly removed by a low speed cent r i fuga t ion . With 
t h i s end in view ex t r ac t was t rea ted with chloroform, carbon 
t e t r ach lo r ide , n-butanol and a mixture of carbon t e t rach lo r ide 
and chloroform. The solvents were added slowly to the ex t r ac t 
with continuous s t i r r i n g and the suspension allowed to stand 
for 30 min. The emulsion was broken by a low speed cen t r i f u -
gation (10 min a t 6,000 rpm). I t i s evident frcnn the table 16 
tha t out of these solvents used chloroform had p r a c t i c a l l y no 
de le ter ious ef fec t and the i n f e c t i v i t y remained unimpaired. The 
e x t r a c t obtained a f t e r chloroform emulsif icat ion was as in fec-
t ious as the ex t r ac t where no addi t ive was used. The other 
organic solvents proved de le t e r ious , Butanol was the most 
damaging. The ex t r ac t obtained a f t e r butanol treatment was less 
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in fec t ious , Butanol i s known to a f fec t i n f ec t i v i t y of some 
v i ruses and TrMV seems to be very sensit ive to butanol . Carbon 
t e t r ach lo r ide and a mixture of carbon te t rach lor ide and 
chloroform a lso impaired the i n f e c t i v i t y . Out of these organic 
solvents used chloroform alone was su i tab le as the i n fec t iv i ty 
was unimpaired by chloroform emulsif icat ion and the ex t r ac t was 
c l ea r and free from contaminating p lant mater ia l spec ia l ly 
green matter as compared to ex t r ac t s obtained with other so lven t s . 
Chloroform provided the most su i tab le medium for fur ther p u r i f i -
ca t ion of the v i rus and for maintaining the i n f e c t i v i t y of the 
v i r u s . 
Table 16: Effect of organic solvents on the i n f ec t i v i t y of 
Trianthema mosaic v i rus 
Solvents Number of local lesions 












* Average of three experiments with 3 plants having 6 leaves 
each. 
Freezing and thawing : 
Freezing of plant tissue results in coagulation of some 
proteins. If a virus is not inactivated by this treatment it 
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can be used as a clarification procedure in the isolation of 
the virus. Repeated freezing and thawing is more effective 
in coagulating plant proteins than continued freezing but i t 
may result in damage to the virus particles. 
Attempts were made to purify TrMV by differential centri-
fugation after removal of normal plant proteins and other 
contaminants from the extract by freezing. Fbr this purpose 
standard extract was clarified by centrifuging at 6,000 rpm for 
10 min. The supernatant was kept overnight in a deep freeze 
locker at -20°C for 20 hr. It was then thawed and again 
clarified by centrifuging at 6,000 rpm for 10 min. The supernatant 
was centrigijed at 30,000 rpm for 3 hr. The pellet was dissolved 
in 0,1 M phosphate buffer pH 7 and centrifuged at 6,000 rpm for 
10 min. The supernatant was given two alternate cycles of high 
and low-speed centrifugation. The pellet obtained after the 
thired high speed was dissolved in 5 ml of 0.1 M phosphate buffer 
pH 7.0, A small aliquot was diluted to bring i t to the original 
volume and inoculated on ^ . amaranticolor. Infectivity was 
reduced to a great extent as is evident from table 17. 
Table 17: Effect of freezing and thawing on the infectivity of 
Trianthema mosaic virus. 
'TH»oa+-Tno«+- Number of local lesions 
on G. amaranticolor* 
Freezing and thawing 176 
Untreated 284 
• Average of 3 tr ials with 3 C. amaranticolor plants each 
having 6 leaves, ~ 
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Salt Precipitation : 
I t i s one of the e a r l i e s t methods used to purify v i ru se s . 
P rec ip i t a t ion by ammonium sulphate has been used to obtain 
pur i f ied preparat ion of tobacco mosaic, tomato bushy s tun t , 
tobacco necros is , southern bean mosaic, turn ip yellow mosaic 
and squash mosaic v i r u s e s . 
Attempts were made to purify Ti^ TV using amonium sulphate . 
Infected t i s sue (100 g) from N. tabacum v a r . Harr ison 's Special 
inoculated 14 days e a r l i e r was homogenized with 0,1 M phosphate 
buffer pH 7,0, in proportion of 1 g: 2 ml, in a waring blender 
for 2 min. Sap was col lected by squeezing the homogenate 
through two layers of cheese c l o t h . I t was centrifuged for 
10 min a t 6,000 rpm. The supernatant was taken up and the p e l l e t 
discarded. The v i rus was p rec ip i t a t ed from the supernatant by 
addi t ion of 30 per cent by weight of ammonium su lpha te . Ammonium 
sulphate was added slowly to the supernatant with constant 
s t i r r i n g . After incubation for 6 hr the mixture was centrifuged 
for 10 min a t 6,000 rpm^ The p e l l e t was dissolved in 0,01 M 
phosphate pH 7,0 buffer and centrifuged for 10 min a t 6,000 rpm . 
The supernatant was taken up and centrifuged a t 78,000 g for 
3 hr. The high speed p e l l e t was dissolved in 5 ml of 0,1 M 
phosphate buffer pH 7,0 and centrifuged for 10 min a t 6,000 rpm. 
The p e l l e t obtained. A small a l iquot was taken and d i lu ted to 
br ing i t to the o r ig ina l volume. This preparat ion was bioassayed 
on C, amaranticolor p lants to determine i t s i n f ec t i v i t y and to 
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compare the r e s u l t s with those obtained by other methods of 
pu r i f i ca t i on . This technique shows tha t TrMV i s not p r e c i p i -
ta ted by addi t ion of ammonium sulphate or i t may be tha t TrtIV 
i s inact ivated by the strong s a l t so lu t ion used. 
Precipitation with Polyethylene glycol (PEG) 
Prec ip i t a t ion of v i ruses with PEG was used for a number 
of v i ruses (Hebert, 1963). Lebermann, 1966 has used polyethylene 
glycodextran sulphate two phase system for i so l a t i ng plant 
vimoses and has compared i t with p r e c i p i t a t i o n of the v i rus by 
polyethylene glycol in the presence of common s a l t s . The 
p r e c i p i t a t i o n procedure proved to be as effect ive as the two-
phase system. I t has a l so been used for the pu r i f i ca t ion of 
cowpea mosaic v i rus and pea enation mosaic v i rus (Van Kammen, 
1967; Mahmood and Pfeters, 1971). Sevferal p lant v i ruses have 
been c l a r i f i ed and pur i f ied by stepwise reso lu t ion of PEG 
p rec ip i t a t e s of v i rus suspensions on ce l lu lose columns. 
Pur i f ica t ion of TrMV was attempted using PEG and NaCl. 
Infected leaf t i s sue of Nicotiana tabacum var Harr ison 's Special 
(200 g) was homogenized with 0,1 M phosphate pH 7.0 buffer and 
chloroform in proportion of 1 g; 2 ml; 1 ml for 2 min in waring 
blender . Homogenate was squeezed through two layers of cheese 
c loth and the sap was c l a r i f i ed by centr i fugat ion a t 6,000 rpm 
for 10 min. The supernatant was measured and divided in to 
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4 equa l p a r t s . To a l l the 4 p a r t s 1 p e r cen t Nacl was added. 
PEG (mol wt . 600) was added t o a l l the A p a r t s t o b r i n g the 
c o n c e n t r a t i o n of PEG 4 p e r c e n t , 6 p e r c e n t , 8 p e r c e n t and 
10 p e r c e n t , r e s p e c t i v e l y . The s o l u t i o n was s t i r r e d for two 
h r . The p r e c i p i t a t e formed by t h i s t r e a t m e n t was c o l l e c t e d by 
a c e n t r i f u g a t i o n of 10 min a t 6,000 rpm. P e l l e t s ob ta ined were 
suspended i n 0.1 M phosphate bu f f e r (pH 7 , 0 ) and cen t r i f uged 
a t 6 ,000 rpm for 10 min. The s u p e m a t a n t s were c e n t r i f u g e d 
f o r 2 hr a t 40,000 rpm. The p e l l e t s were d i s s o l v e d i n 5 ml of 
0 .1 M phosphate bu f f e r pH 7 .0 and then cen t r i fuged a t 6 ,000 for 
10 min. The s u p e m a t a n t s were g iven ano the r cycle of high and 
low speed c e n t r i f u g a t i o n . The high speed p e l l e t s were l i g h t 
brown i n co lour and no green m a t e r i a l was d i s c e r n i b l e . The 
p r e p a r a t i o n s ob ta ined a f t e r two cyc l e s of high and low speed 
c e n t r i f u g a t i o n were c l e a r and comparable i n c l e a r ! t y wi th 
p r e p a r a t i o n s ob ta ined by the o t h e r methods a f t e r 3 a l t e r n a t e 
cyc l e s o f high and low speed c e n t r i f u g a t i o n . P r e p a r a t i o n s were 
bioassayed on £ . a m a r a n t l c o l o r p l a n t t o t e s t the v i r u s i n f e c -
t l v i t y . Table 18 shows that 10 per cent PEG precipitates more 
virus from suspentions in 1 per cent IfeCl than 4, 6 o r 8 p e r cen t 
PEG. 
Tavle 18: E f f ec t of PEG and NaCl on the p r e c i p i t a t i o n of TrMV 
from c l a r i f i e d e x t r a c t . 
PEG (W/V) NaCl (W/V) Number of l o c a l l e s i o n s 
(mol w t . 6 ,000) on G. a m a r a n t l c o l o r * 
Cont ro l - 245 
4 % PEG 1% 117 
6 % PEG 1% 156 
8 % PEG 1% 198 
109i PEG 1% 223 ^ _ 
* Average of 3 t r i a l s wi th 3 G.amaran t lco lo r p l a n t s each having 
6 l e a v e s . 
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Differential centrlfugatlon : 
Alternate cycles of low and high speed centr i fugat ion 
has been used for c l a r i f i c a t i o n and concentrat ion of v i rus 
suspensions (Kinght, 1963). Cell debris i s removed a t low 
speed and v i rus i s col lected in a p e l l e t by a high speed 
cent r i fugat ion . The p e l l e t i s dissolved in an appropriate 
medium and denatured and undissolved pro te ins e t c , i s removed 
with a short centr i fugat ion a t low speed and the v i rus in the 
supernatant i s pe l le ted again with a subsequent high speed 
cent r i fuga t ion . This procedure i s now widely used to concen-
ti^ate v i rus and separate i t from other contaminants. Dif ferent ia l 
centr i fugat ion was developed as an effect ive pur i f i ca t ion 
procedure for tobacco ringspot and tobacco mosaic v i r u s . 
Tobacco mosaic,virus- has been purif ied with a l t e r n a t e cycles 
of low and high speed runs (Knight, 1963)» 
For the pur i f i ca t ion of TrMV d i f f e r e n t i a l centr i fugat ion 
was a lso t r i e d . Infected N. tabacum va r , Harr ison 's Special 
t i s sue inoculated 2 weeks e a r l i e r was homogenized with 0.1 M 
phosphate pH 7.0 buffer in proportion of 1g:2ml in a waring 
blender. The sap was squeezed out through 2 layers of cheese 
c lo th and c l a r i f i ed by centr i fugat ion a t 6,000 rpm for 10 min. 
The supernatant was centrifuged a t 30,000 rpm for 3 hr . Pe l l e t 
was dissolved in 0.1M phosphate pH 7,0 buffer and centrifuged 
for 10 min a t 6,000 rpm. The supernatant was given two a l t e rna t e 
cycles of high and low speed cen t r i fuga t ion . As the p e l l e t 
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obtained a f t e r the th i rd high speed centr i fugat ion \*as green 
in colour another cycle of high and low speed was given. The 
p e l l e t obtained a f t e r the fourth high speed centr i fugat ion was 
s t i l l greenish in colour and the resuspended p e l l e t a f t e r 
c l a r i f i c a t i o n showed presence of p lant ma te r i a l . Preparations 
obtained a t d i f ferent stages of pu r i f i ca t ion were qui te in fec-
t i o u s . In fec t iv i ty was maintained unimpaired upto the th i rd 
cycle of d i f f e r e n t i a l centr i fugat ion, though freedom from 
contaminating p lan t mater ia l could not be achieved. In e f fo r t s 
to purify further i n f e c t i v i t y was reduced to a g rea t ex t en t . 
Density gradient centrifugation 
Farther pu r i f i ca t ion of TrMV was achieved by ra te zonal 
density gradient cent r i fugat ion . The l a s t t races of normal 
p lan t prote ins and other contaminating mater ia l was removed by 
ra te zonal density gradient cen t r i fuga t ion . A sample of 2 ml 
of the p a r t i a l l y puri f ied v i rus suspension was floated on p re -
formed l inea r suscrose gradient columns prepared from sucrose 
in phosphate buffer. Centrifugation for d i f fe ren t lenghts of 
time, ranging from 2 to 4 hr a t 24,000 rpm in Sw. 25.1 rotor 
resu l ted in a l i g h t s ca t t e r ing band when the tubes were examined 
in a dark room by project ing a narrow beam of l i g h t down the 
tubes from the top . This l i g h t - s c a t t e r i n g band was cons is ten t ly 
presen t . The best resolu t ion was obtained a f t e r a centr i fugat ion 
of 3-1/2 hr . The band was s i tua ted a t 10 mm below the meniscus 
a f t e r a centr i fugat ion of 3-1/2 hr a t 24,000 rpm (Fig. ) . 
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Symptoms typica l of TrMV were induced in Trianthema portulacastnjm 
when mater ia l removed from the band was inoculated to plants 
a f t e r d i a l y s i s . 
Finally adopted method of purification of Trianthema mosaic virus; 
One hundred grammes leaves of infected N, tabacum var 
Iferrison's Special p lants inoculated 15 days e a r l i e r were 
homdgenized in a waring blender with 200 ml of 0,1 M phosphate 
buffer pH 7 .0 , The homogenate was expressed through 2 layers of 
cheese c lo th . The ex t r ac t was then centrifuged for 10 min a t 
8,000 rpm. The supernatant obtained was c l a r i f i e d by addi t ion 
of 20% (V/V) chloroform with continuous s t i r r i n g on a magnetic 
s t i r r e r for 30 min, then incubated for one hr a t 4 C. The 
mixture was then centrifuged a t 10,000 rpm for 15 min. The 
p e l l e t containing the p l an t mater ia l was discarded and the 
supeniatant ( c l a r i f i ed sap) was used in further pu r i f i c a t i on , 
10% (W/V) polyethylene glycol (PEG-MW 6000) was added to the 
c l a r i f i e d sap in the presence of 1% Nacl with continous s t i r r i n g 
for half an hour. The mixture was incubated for one hr a t 4°G 
and then centrifuged for 15 min a t 12,000 rpm. The supernatant 
was discarded and the p e l l e t containing the vi rus was suspended 
in 20 ml buffer . The suspension was centrifuged for 10 min a t 
10,000 rpm. The p e l l e t was discarded and supernatant was 
centrifuged for 120 min a t 32,000 rpm in Beckman LS-50 u l t r a -
centrifuge using a S-50 ro to r . The p e l l e t was dissolved in 10ml 
buffer . The mixture was then centrifuged for 10 min a t 8,000 
rpm. P e l l e t was discarded and supernatant was loaded on a 
sucrose densi ty gradient column, Ihe tubes were centrifuged in 
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SW 25-1 r o t o r for 3 -1 /2 hr a t 24,000 rpm. The v i r u s zone 
s i t u a t e d a t 10 mm below the meniscus was removed by a hypodermic 
needle bent twice a t r i g h t a n g l e s . Light s c a t t e r i n g band 
c o l l e c t e d and d i l u t e d t e n t imes i n e x t r a c t i o n buf fe r and was 
cen t r i f uged for 10 min a t 32,000 rpm. The p e l l e t ob ta ined was 
suspended i n phosphate buf fe r pH 7 .0 and was c e n t r i f u g e d for 
10 min a t 8,000 rpm. The s u p e r n a t a n t thus ob ta ined was c l e a r 
opa l e scen t and h igh ly i n f e c t i o u s and was used t o s tudy the 
p r o p e r t i e s of the v i r u s , 
I n f e c t i v i t y of the v i r u s a t d i f f e r e n t s t a g e s of the 
p u r i f i c a t i o n procedure was t e s t e d t o a s s e s s l o s s of v i r u s a t 
d i f f e r e n t s t a g e s . Suspensions ob ta ined a f t e r the f i r s t and 
second cyc les of d i f f e r e n t i a l c e n t r i f u g a t i o n were t e s t e d a f t e r 
d i l u t i n g i t t o the e x t e n t t o b r i n g i t t o the o r i g i n a l volume. 
Table 19 shows t h a t high speed c e n t r i f u g a t i o n a f f e c t s the 
i n f e c t i v i t y t o some e x t e n t . 
FLOV CHART OF FINALLY ADOPTED PURIFICATION SCHEDULE 
Macerate 100 g i n f e c t e d N, tabacum v a r ffeirrison's S p e c i a l l eaves 
i n 200 ml 0,1 M phosphate buf fe r pH 7 c o n t a i n i n g 0,1% sodium 
s u l p h i t e (EB) 
Squeeze through muslim c l o t h 
Centr i fuge fo r 10 min a t 8,000 rpm 
1 1 
Pellet discard Supernatant 
Add 20% (V/V) chlorofonn and stirr for 
30 min at A-^ C 
J: ntr i fuge for 15 min a t 10,000 rp^j 
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P e l l e t discard 
Supernatant discard 









Add 10% (W/V) PEG (MW 6000)+ ^% (W/V) 
Nacl while s t i r r i n g and d i s so lve , 
ep for 1 hr a t 4^0 f 
CentPifuge for 15 min a t 12,000 rpm i 
' e l l e t 
Suspend in 20 ml ex t rac t ion buffer 
Centrifuge for 10 min a t 10,000 rpm 
I Supe r t a n t * 
Centrifuge for 2 hr a t 32,000 rpm in 
Beckman LS-50 u l t racent r i fuge using 
a S-50 rotor 
p l l l e t 
Suspend in 2 ml ex t rac t ion buffer 
c in t r i fuge for 10 min a t 8,000 rpm 
Supernatant* 
Loaded on 10-40% sucrose density-
gradient and centrifuge for 150 
min in a Beckman SW 25-1 ro tor a t 
24,000 rpm 
Li'ghg s ca t t e r i ng band col lec ted and 
di lu ted ten times in ex t rac t ion buffer 
I 
Centrifuge for 90 min a t 32,000 rpm 
T 
Pe l l e t 
Suspend in 1 ml ex t rac t ion buffer 
Centrifuge for 10 min a t 8,000 rpm 
Supernatant 
(Purified vi rus preparat ion for 
EM and UV) 
Assay for v i rus i n f e c t i v i t y on C. amaranticolor 
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Relative i n f e c t i v i t y of TrMV a t d i f fe ren t s teps of 
pur i f i ca t ion by t h i s procedure was assayed using C, amaranti-
color as assay host . Results have been incorporated in Ifeible 
19. 
Table 19: Relative in fec t iv i ty of TrMV a t d i f fe ren t steps of 
pur i f i ca t ion by adopted procedure 
Steps of pur i f i ca t ion Average no, of l e s i o n s / 
leaf* on C, amaranticolor 
C la r i f i ca t ion 
PEG + 20 % chloroform 




* Average of 3 t r i a l s with 3 Ghenopodium amaranticolor p lan ts 
each having 6 leaves 
When Trianthema mosaic v i rus was pur i f ied by above 
procedure i t was highly infec t ious , opalscent, l a rg ly free 
of host contaminants and contained good number of p a r t i c l e s in 
the prepara t ion . 
CHAPTER XI 
PROPERTIES OF PURIFIED VIRUS PREPARATION 
U l t r a v i o l e t absorption spectrum : 
Purified v i rus preparat ion obtained from densi ty gradient 
centr i fugat ion, mixed in G.IM phosphate buffer pH 7.0 was 
subjected to a cycle of high speed centr i fugat ion a t 40,000 rpm 
for 2 hr . Pe l l e t obtained was dissolved in 0.1M phosphate buffer 
pH 7.0 in a Pye-Unicam SPB-500 UV/VIS Spectrophotometer. 
Information about the UV absorpt ion spectrum of sui tably 
d i lu ted purif ied v i rus samples has been incorporated in Table 20. 
Table 20: Information deried from UV spectrum curve 
A maximum absorbance = 262 nm 
A minimum absorbance = 2A6 nm 
A a t 260 nm = 4.7 
A a t 280 nm = 3.85 
A 260/A280 = 1.22 
A 280/A260 = o,82 
A max/A min = 1.06 
Purified v i rus preparat ion gave a UV spectrum (220-320 nm) 
typ ica l of nucleoprotein (fig.30 ) maximum and minimum absorbance 
was recorded a t 262 and 246, r e spec t ive ly . Amount of nucleic 
acid in the virus has been estimated to be about 5 per cent by 
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in te rpo la t ion of the observed data on A260/A280 r a t i o in the 
graph (Gibbs and Iferrison 1975) i l l u s t r a t i n g the r e l a t i o n 
between nucleic acid percentage of puri f ied virus preparat ion 
and t h e i r A260/A280 r a t i o , 
ELECTRON MICROSCOPY 
When examined under e lec t ron microscope, leaf dip prepa-
ra t ions from N. tabacum var Iferrison's Special a f t e r s ta in ing 
with 2% PTA (pH 7) usually exhibited very few rod shaped 
fragmented p a r t i c l e s (Fig. 3$ ) , The p a r t i c l e s seem to be very-
f ragi le in a l l the grids examined. 
Purified vi rus preparat ion contained numerous rod shaped 
p a r t i c l e s (Fig. Ba) of three predominent lenths measuring 110, 
160 and 300 nm (Fig.32ib). I t appears t h a t the p a t i c l e s are 
f ragi le and get broken during the pur i f i ca t ion process . 
CHAPTER - XII 
SEROLOGY 
Hprnologous r e a c t i o n 
Tube precipit in t e s t : 
Antiserum prepared agains t TrMV in rabbi t s reacted 
specica l ly with sap from TrMV infected plants in tube p r ec ip i t i n 
tubes . No p rec ip i t a t e was observed when normal serum and sap 
from healthy p lants was used in these t e s t s . A p rec ip i t a t e was 
observed upto a d i l u t i on of 1 : 128 of theantisenom thereby 
ind ica t ing tha t the t i t r e of the antiserum was 128. 
Chloroplast agglutination t e s t : 
Chloroplast aggulut inat ion teslswere performed on glass 
s l i d e s . A drop of ant igen and antiserum was mixed on a glass 
s l ide and icubated for 15 min a t room temp (25l2°C). The 
chloroplas t and v i r u l p a r t i c l e s become readi ly and completely 
enmeshed in the net work of p r e c i p i t a t e . 
Ouchterlony gel double diffusion t e s t 
Purified v i rus and sap from infected N. tabacum var 
fferrison's Special reacted spec i f i ca l ly with the antiserum 
absorbed with healthy p lan t sap in agar gel double diffusion 
t e s t s . When purif ied vi rus preparat ion, sap from infected 
T. portulacastrum and sap from healthy T. portulacastrum was 
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se t up in wells around a cen t ra l well containing TrMV-antiserum 
absorbed with healthy sap ,p rec ip i t a t i on l ines formed between 
the antiserum well and the wells containing purif ied v i rus and 
sap from infected p l a n t s . One l ine of p rec ip i t a t e was formed 
mid-way between the cen t ra l well and the wells containing vi rus 
ant igen (Fig. 3^) . These l ines l a t e r fused with each other 
ind ica t ing complete i den t i t y of the components. TrMV strongly 
reacted with antiseruaa against tobacco mosaic v i rus (TMV). 
Heterologous reaction 
TrMV fai led to react with an t i se ra to the following rod 
shaped vi ruses in gel double diffusion t e s t s , potato v i rus X, 
potato v i rus S, pea steak v i r u s . 
CH/IPTER - XIII 
DISCUSSION 
Trianthema portulacastrum i s a wild p lan t of family 
Ficoideae found in waste land as well as in and around cul t ivated 
f ie lds in Aligarh. So far no vi rus disease has been reported on 
t h i s p lan t , except a s ingle record of CMV infect ion (Khurana, 
1970), However, in experimental host range s tudies T. 
portulacastrum was found a loca l les ion host of eggplant mosaic 
and tobacco mosaic v i ruses (Verma & Singh, 1973). ^ disease 
was found prevalent on Trianthema plants growing in d i f ferent 
places a t Aligarh. Infected Trianthema plants exhibi ted vein 
c l ea r ing , mosaic mott l ing, yellowing and dark green b l i s t e r 
l ike patches on the leaves . The symptoms on the p lants indicated 
the involvement of a v i rus and further s tudies in an e f fo r t to 
character ize the causal agent confirmed tha t a v i rus i s in fact 
the cause of the widespread disease on t h i s p l an t . 
The v i rus i s t ransmissible through sap ,graf t ing and via 
seeds but not by 5 aphid species v i z . Aphis fabae, A. gossypii , 
Brevicome brass icae . Myzus persicae and an unidentif ied species 
of Macroslphonlella. I t could ne i ther be transmitted by dodder 
nor by nematodes, Trianthema mosaic v i rus (TrMV) has a moderate 
host range. Out of 165 species of p lant d i s t r ibu ted in 50 
families tes ted , v i s i b l e symtoms were evoked on 33 spec ies . 
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Majority of infected species belong to the family 3olanaceae, 
TrMV caused dark green mosaic in Nicotiana tabacum v a r . 
Harr ison 's Special , GT4, Bhopali, White Burley, NP37, Anand, 
Samsun N N and Turkish xanthi , Nicotiana c l eve land i i , 
N. plumbaginifolia and N, sanderae. I t a l so caused vein 
banding, vein c lear ing , necros i s , l eaf ro l l i ng , severe defor-
mation of leaves and growth s tunt ing of infected p l a n t s . 
Three species of Chenopodiaceae v i z , Ghenopodium 
amaranticolor, C, album, and C_. murale were found to be loca l 
les ion hosts of TrMV but no systemic Invasion followed in 
these species where as loca l lesions were evoked on Nicotiana 
glutinosa and systemic invasion followed. 
In plant sap, TrMV remains infect ious up to 60 C but i s 
inact ivated a t 65°C, I t withstands a d i lu t i on of 10 but not 
10 and when stored a t room temperature (20+^ C) r e t a in s 
i n f ec t i v i t y up to 96 h r s , TiWV a t ta ined maximum concentration 
in Nicotiana tabacum var fferrison's Special p lan ts 15 days 
a f t e r inocula t ion . The concentration of the v i rus decreased 
from the 17th day but the decrease was gradual and even a f t e r 
22 days p lants contained high concentrat ion of v i rus as indicated 
by i n f ec t i v i t y t e s t . 
The most su i tab le medium to maintain the i n f e c t i v i t y of 
TrMV was found to be 0.1M phosphate buffer pH 7, I t was 
purif ied by a method involving ex t rac t ion in 0,1M phosphate 
buffer pH 7 having 0,1 per cent sodium su lph i t e . The mixture 
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was c l a r i f i e d by adding 20% (V/V) chloroform and 10% (W/V) PEG 
and subjecting i t to two cycles of d i f f e r e n t i a l cen t r i fuga t ion . 
The l a s t t races of normal p lan t cons t i tuents were removed by 
rate zonal density gradient centr i fugat ion in sucrose. TrMV 
showed one l i g h t s ca t t e r ing band in gradient tube. Material 
removed from th i s band was highly in fec t ious . Purified v i rus 
gave maximum absorbance a t 252 nm and minimum a t 2 ^ nm. 
Purified preparat ions when examined in e lec t ron 
microscope revealed the presence of numerous rod shaped p a r t i c l e s 
with predominant length of 300 nm and width of 15 nm. 
Antiserum prepared in rabbi t s agains t TrMV was found to 
be moderately immunogenic having a t i t r e of 1:128, as revealed 
by microprecipi t in t e s t s . In agar gel double diffusion t e s t s 
p r ec ip i t a t i on l ines were formed between antiserum well and the 
well containing the puri f ied v i ru s , as well as between the 
antiserum well and the well having diseased sap. TrMV fai led 
to r eac t with an t i se ra to the following rod shaped v i ruses ; 
potato v i rus X, potato v i rus S and pea s t reak v i rus in agar gel 
diffusion t e s t . 
Various proper t ies of the v i rus i so la t e af fec t ing 
T. portulacastnjm pa r t i cu l a r l y host range, physical proper t ies 
and p a r t i c l e size makes i t d i f f i c u l t to place i t into any of the 
recognized groups of plant v i r u s e s . However, se ro logica l s tudies 
have indicated a strong re la t ionsh ip with tobacco mosaic v i r u s . 
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Tobamo vi ruses have a thermal inac t iva t ion point around 
o —6 ~7 
95 C, d i lu t ion end point of 10 t o 10 and a very long long i -
v i t y in v i t r o . The v i rus i s present in high concentration in 
p lants and v i rus p a r t i c l e s measure 300 nm in length and 18 nm 
in diameter (Van Regenmortel, M.H.V, (1981)). 
The i so la te a f fec t ing T. portula cas t rum i s f a i r ly 
unstable as compared to tobamoviruses. However, tobamoviruses 
have for convenience been divided into two groups, namely 
Eutobamovirus and Mycotobamovirus group. Recently i t has been 
suggested tha t v i ruses having fungal vectors be included in a 
separate group cal led Purovirus group (Shirako and Brakke,1984). 
Members of th i s group as a lso the defective s t r a i n of IMV are 
present in low concentration in p lan t s ; they are r e l a t i v e l y 
unstable in v i t r o and have f ragi le rod shaped p a r t i c l e s of two 
or three predominant lengths . 
The i so la te causing mosaic in T^, portula cas t rum resembles 
Fliroviruses in exhib i t ing various s i zes of the p a r t i c l e s and 
r e l a t i v e uns t ab i l i t y in v i t r o but unlike Furoviruses, the present 
i so la t e was not t ransmit ted through s o i l during preliminary 
t r i a l s . 
Though purif ied preparations of TrMV have exhibi ted 
p a r t i c l e s of d i f fe ren t lengths along with l a rger p a r t i c l e s , the 
shor te r p a r t i c l e s may only be fragments of l a rge r f ragi le 
p a r t i c l e s . 
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A careful analysis of fragile part ic les of wheat soi l 
borne mosaic virus and beet necrotic yellow mosaic virus has 
been shown that rods of different lengths contain dis t inct 
genetic information and are not merely particle fragments 
containing different portions of the same nucleic acid species 
(Tsuchizaki e t al_., 1S75). The function of the shorter part icles 
of a l l labile tobamoviruses a t present is not clearly understood. 
Further studies with regard to transmission through soi l 
and genome characterist ics is called for to elucidate the 
taxonomic position of the isolate affecting Trianthema 
portulacastrum. 
CHAPTER - XIV 
SUMMARY 
Trlanthema mosaic v i r u s (TrMV): 
1. Trlanthema portula cas t rum i s a wild p lan t of family 
Aizoaceae (Ficoideae) found in waste land as well as in and 
around cul t iva ted f ie lds in Aligarh. Infected Trlanthema plants 
exhibited vein c lea r ing , mosaic mott l ing, s tunt ing , yellowing 
and dark green b l i s t e r l ike patches on the leaves . 
2 . An experimental host range of TrMV was invest igated 33 
species d i s t r ibu ted in 8 families were found to be hosts of the 
Trlanthema mosaic v i r u s , Chenopodium amaranticolor, G. album 
and C_. murale were found to be loca l les ion hosts but no systemic 
invasion followed in these species whereas loca l les ions were 
evoked on Nicotiana glutinosa and systemic invasion followed. 
One hundred and t h r i t y four species d i s t r ibu ted in 30 angiosperm 
families were found in suscept ib le , 
3 . TrMV is t ransmissible through sap, graf t ing and via seeds 
but not by 5 aphid species v i z . Aphis fabae, A. gossypi i . 
Brevicome brass icae . Mvzus persicae and an unident i f ied species 
of Macrosiphonella, I t could ne i the r be transmit ted by dodder 
nor by nematodes, 
4. TrMV had ageing in v i t r o of 8A hr a t room temperature 
20+5 C, d i lu t ion end point between 10""^ and 10"^ and thermal 
inac t iva t ion point between 60 and 65°C, 
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5. TrMV reached highest concentration in Trianthema 
portulacastrum and Nicotiana tabacum var fferrison's Special 
15 days a f t e r mechanical inocula t ion. The v i rus a t t a ined highest 
concentrat ion in leaves of the infected p l a n t s , 
6. Among several buffer t r i e d 0.1M phosphate buffer pH 7.0 
was found to be the best for maintaining the i n f e c t i v i t y of 
v i rus the i s o l a t e . When 0,1 per cent sodium sulphi te was used 
with phosphate buffer i n fec t iv i ty increased and was retained 
for a longer per iod. 
7 . TrMV was pur i f ied by a method which involved ex t rac t ion 
of v i rus in 0,1M phosphate buffer pH 7,0 + 0,1 per cent sodium 
sulphi te followed by c l a r i f i c a t i o n by using 20?^  V/V chloroform. 
The v i rus was p rec ip i l a t ed by using 10% W/V PEG (MV 6000) and 
subjecting i t to two cycles of d i f f e r e n t i a l cen t r i fuga t ion . 
The l a s t t races of normal p lant cons t i tuents were removed by 
ra te zonal density gradient centr i fugat ion in sucrose. TrMV 
showed one l i g h t s ca t t e r ing band in gradient tube. Purified 
preparat ions were infect ious and retained i n f ec t i v i t y for 
several days when stored in a r e f r i ge r a to r , 
8. Purified preparations when examined in e lec t ron micro-
scope revealed the presence of numerous rod shaped p a r t i c l e s 
with predominant length of 300 nm and width of 15 nm. 
9 . An antiser\am agains t TrMV was obtained with a micro-
p r e c i p i t i n t e s t t i t r e of 128. Flirified v i rus preparat ion and 
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sap from Infected p lants gave one l ine of p rec ip i t a t e in agar 
gel double diffusion t e s t s . TrMV vi rus did not show any serolo-
g ica l re la t ionsh ip with potato vi rus X, potato v i rus S and pea 
s t reak v i r u s , 
10, The i so la te causing mosaic in Trianthema portulacastrum 
resembles Furoviruses in exhib i t ing various s izes of the 
p a r t i c l e s and r e l a t i ve uns t ab i l i t y in v i t r o but unlike 
Furoviruses, the present i so la t e was not t ransmit ted through 
s o i l during preliminary t r i a l s . 
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Fig, 1, Trlanthema portulacastrum L, left, a healthy 
shoot; right a shoot of infected plant showing 
mosaic and reduction of size of leaves. 
Fig. 2. Chenopodium amaranticolor coste & Reyn, Left 
a healthy leaf; right leaf from an inoculated 
plant showing local lesions. 
F.-3.1 
FCg.2 
Fig. 3 . Nicotiana glutinosa L, Leaves from an inoculated 
p l an t showing loca l l e s i o n s . 
Fig. 4, Nicoti^a jabacum cv, N.P. 37 - Left a healthy-
leaf; r i gh t leaves from an inoculated plant 
showing mosaic mott l ing and deformation of lamina 
Fig. 5. Lycopersicon lecopercicum Mil l , l e f t a healthy 
twig; r i g h t twig from an inoculated p lan t 




Fig, 6. Njcotiana tabacum L, Cy. Anand. left a healthy-
leaf; right leaf from an inoculated plant showing 
mosaic. 
Fig, 7. Njcotiana sanderae Sander, left a healthy leaf; 
right leaf from an inoculated plant showing 
mosaic and deformation. 
Fig. 8. Nicotiana tabacum L. Cv. White Burley left a 
healthy leaf; right leaf from an inoculated 
plant showing vein clearing and stunting. 
Fig, 9, Nicotlana gluflnosa L. "laft a healthy leaf, 
right leaf from an inoculated plant showing 
mild mosaic and deformation. 
Fig.10. Nicotiana tabacum Cv, GTh, left a healthy leafj 
right leaf from an inoculated plant showing 
green mosaic. 
Fig, 11, Nicotiana tabacum Cv. Bhopali left a healthy 
leaf; right leaves from an inoculated plant 
showing mosaic mottling, stunting and defor-






Fig.12. Nicotiana iabacum Cv. Harrison's Specia l . Left 
a healthy leaf; r i g h t leaf from an inoculated 
plant showing vein banding,mosaic mottl ing and 
deformation. 
Fig, 13, Nicotiana tabacum Cv. White Burley. Left a 
healthy p lant ; r i gh t an inoculated p lant 
showing mosaic^ s tunt ing and deformation of 




Pig, 14^ Solanum melongena L, Left a healthy leaf; r i gh t 
leaf from an inoculated p lant showing mild 
mosaic. 
Fig. 15. Peristrophe bicalyculata Nees. Left an infected 
twig of an inoculated p lan t ; r i gh t a s ingle leaf 
showing mosaic. 
Fig. 16, Salvia o f f i c ina l i s i . Left a healthy leaf; r igh t 
leaf from an inoculated p lant showing mosaic. 
F c ^ l ^ 
F.-315 
FiQ,ie f 
Fig.17. Dolichos lablab L. left healthy leaves, right 
leaves from an inoculated plant showing mosaic 
mottling^stunting and deformation. 
Fig.18. Nicotiana plumbaginifolia Vir. Left a healthy 
leaf; right leaf from an inoculated plant 
showing mosaic mottling, stunting and defor-
mation of lamina. 
V j r * ^ 
Fi^ 17 
Ftb 18 1 
Fig.19. Nicotlana tabacum Cv, Sumsun NN. Left a healthy 
leaf; r i gh t leaves from an inoculated p lant 
showing mosaic mott l ing^stunting and deformation 
of lamina. 
Fig.20. Nicotiana c levelandi i Gray, Left a healthy leaf; 
r i gh t leaves from an inoculated plant showing 
various degree of deformation and reduction of 
lamina forming a • shoe - s t r i ng ' . 
F ig ,21 , Nicotiana tabacum Gv. Pferrison's Specia l , 
Left a healthy leaf; r igh t leaves from an 
inoculated plant showing deformation and 
stages of reduction of lamina forming a 'shoe-
s t r ing, ' 
Fcj19 




Fig.22. Impatiens balsamlna L, Left a healthy p lant ; r igh t 
an inoculated p l an t showing mosaic, downward cur l ing 
of leaves and s tun t ing . 
Fig ,23. Nicotiana tabacum Cv. Iferrison's Special .Left 
a healthy plant ; r igh t p lan ts are inoculated 
showing mosaic, reduction of s i z e , deformation 





Rq ZS 1 
Fig.24. Nicotlana tabacxom Cv. Turkish Xanthi- Left a healthy-
leaf; r i g h t leaf from an inoculated plant showing 
decolorat ion and reduction in s ize of leaf . 
F ig .25 . S p i n a c i a oleracea L. Left a healthy twing, r i g h t 
an inoculated the same showing cur l ing of leaves 
and stunted growth. 
Fig,26, Datura metel L. Left a healthy twig; r igh t twig from 
an inoculated p lant showing mosaic and stunting of 
l eaves . 
Fig,27. Solanum nigrum L. Left a healthy leaf; r ight leaves 
from an inoculated p lan t showing mosaic ana s tun t ing . 
Fig, 2,9 . Rate zonal densi ty gradient centr i fugat ion 
of Trianthema Mosaic Virus in sucrose gradient 
for 3-1/2 h a t 24,000 rpm. 
DAY^ AFTER INOCULATION 
fi^ 28 
Fig, 2ft . In fec t iv i ty of Trianthema mosaic v i rus a t 
various times a f t e r mechanical inocula t ion . 
FiQ 25 
Fig, 30 , Ul t rav io le t absorption spectrum of Trianthema 
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Fig. 31 • iilectron micrographs of Trianthema mosaic v i rus 
from leaf dip prepara t ion . Magnification X 13500, 
Fig31 
^ i e « 3 2 » E lec t ron micrographs of Prianthema mosaic v i r u s 
s t a i ned with 2 pe r cen t PTA pH 7.0 magni f i ca t ion 
X 13500, F ig ,a ; shov/ing a few p a r t i c l e s 
(magni f ied) , F ig ,b ; showing a l a rge number of 
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Fig 32 b 
Fig. 53 . Histogram of p a r t i c l e length d i s t r ibu t ion of 
Trianthema mosaic vi rus from a preparation 
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Fig.34 . Agar-gel double diffusion t e s t of TrMV showing 
p rec ip i t a t i on l ines between antiserum well (A) 
and the well containing purified v i rus ( B ) , as 
well as between antiserum well (A) and the well 
containing diseases sap (C). 
Fig. 35 . Reaction in agar-gel double diffusion t e s t when 
TrMV-antiserum (central well) was tes ted agains t 
2-fold di lut ions of purif ied preparat ion of 
TrMV (peripheral we l l s ) . 
Fig.36 • Agar-gel double diffusion t e s t of Triantfjema 
mosaic virus (centra l well) with (clocKv/ise) 
an t i se ra agains t tobacco mosaic v i rus , potato 
v i rus X, potato virus S, pea streak v i rus , normal 
serum and s a l i n e . 
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